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Eastern  District  of  Pennsylvania,  to  wit : 

Be  it  remembered,  that  on  the  twelfth  day  of  May,  ui  the  fifty-fourth 

J  ear  of  the  independence  of  the  United  States  of  Ameiica,  A.D.  1830, 
ohn  Grigg,  of  the  said  district,  hath  deposited  in  this  office  (he  title  of 
a  book,  the  right  whereof  he  claims  as  proprietor,^in  the  words  follow- 
ing, to  wit: 

"Elements  of  Chemistry,  including  the  Recent  Discoveries  and 
Doctrines  of  the  Science.  By  Edward  Turner,  M.D.  F.R.S.E.  Pro- 
fessor of  Chemistry  in  the  University  of  London.  Fellow  of  the 
Royal  College  of  Physicians  of  Edinburgh ;  Corresponding  Member 
of  the  Royal  Society  of  Gottingen ;  Fellow  of  the  Geological  Society 
of  London ;  Honorary  Member  of  the  Plinian  Society  of  Edinburgh ; 
and  Member,  and  formeriy  President,  of  the  Royal  Medical  Society  of 
Edinburgh.  Third  American,  from  the  Second  London  Edition. 
With  Notes  and  Emendations,  by  Franklin  Bache,  M.D.  Professor  of 
Chemistry  in  the  Frapklin  Institute  of  the  State  of  Pennsylvania ;  one 
of  the  Secretaries  of  the  American  Philosophical  Society,  &c.'' 

In  conformity  to  tl^e  act  of  the  congress  of  the  United  States,  enti- 
tled, <'  an  act  for  the  encouragement  of  learning,  by  securing  the 
copies  of  maps,  charts  and  books  to  the  authors  and  proprietors  oisuch 
copies  during  the  times  therein  moptioned ;"  and  also  to  the  act,  en- 
titled, '<  an  act  supplementary  to  an  act,  entitled,  <  an  act  for  the  en- 
couragement of  learning,  by  aa^uring  the  copies  of  maps,  charts  and 
books  to  the  authors  and  proprietors  of  such  copies  during  the  times 
therein  mentioned,'  and  extending  the  benefits  thereof  to  the  arts  of 
desienine.  eneravins  and  etching  historical  and  other  prints.*' 
*      ^       ^  D.  CALDWELL. 

Clerk  of  the  Eastern  District  of  Pennsylvania, 
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Mr  Dear  Sis, 

Undeh  your  guidance  I  made  my  first  essay 
in  analytical  chemistry ;  from  your  example  I  imbibed  a 
taste  for  chemical  research  ;  and  to  you  I  am  indebted  for 
that  practical  knowledge  of  the  subject,  without  which  this 
volume  would  never  have  been  written.  To  you,  there- 
fore, who  have  thus  so  essentially  contributed  to  the  under- 
taking, permit  me  to  inscribe  a  work,  intended  to  advance 
the  progress  of  that  science  which  you  cultivate  with  so 
much  zeal  and  success.  Believe  me,  my  dear  Sir,  this 
opportunity  of  publicly  expressing  my  gratitude  for  your 
kindness,  and  my  admiration  of  your  distinguished  analyti- 
cal attainments,  is  a  source  of  much  pride  and  pleasure 
to  your  friend  and  former  pupil, 

EDWARD  TURNER. 

38,  Upper  Gower  Street, 
October  1.  1828, 
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THE   AMERICAN  EDITOR. 

E-_  ueWATBD  BY  THE 

BCANTILE  LIBRARY  A:^)oOCIATlCr 
. ^J^JiiW  XOJ&K  CITY 

TN  preparing  for  the  press  the  present  edition  of  the  de- 
•■•  ser/edly  popular  Elements  of  Dr  Turner,  the  editor  has 
taken  pains  to  insure  its  correctness,  by  a  careful  revision 
of  the  English  copy,  and  attention  to  the  proof-sheets.  In 
tbe  course  of  his  labours,  a  considerable  number  of  inac- 
curacies have  been  detected,  the  correction  of  which,  in 
the  present  edition,  will  render  it  more  valuable  to  the  stu- 
dent. 

The  notes  of  the  editor  are  distinguished  by  the  letter  Q. 
Tbey  were  written  as  the  printing  of  the  work  progressed, 
and  under  circumstances  that  precluded  the  exercise  of  much 
research.  For  the  most  part  they  will  be  found  explana- 
tory or  supplementary,  though  occasionally  cri>i(lal.  It  has, 
however,  been  rarely  found  necessary  to  differ  from  the  au- 
^or,  who  has  certainly  evinced,  in  the  composition  of  his 
treatise,  the  talents  of  an  accurate  chemist,  and  a  neat  and 
perspicuous  writer.  The  annotations  might  easily  have 
been  extended,  had  it  been  deemed  expedient ;  but  the 
editor  felt  unwilling  to  swell  the  work  by  numerous  notes, 
lest  any  considerable  addition  to  its  size  might  render  it 
less  convenient  as  a  manual  for  the  student. 

Philadetphia,  May  1830. 
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INTRODUCTION. 


IMTATERIAL  rabsUaces  are  endowed  with  two  nds  of  proper- 
JYB  ticsy  physical  and  chemical ;  and  the  study  of  the  phenomeat 
occasioned  by  them  has  given  rise  to  two  corresponding  branches  of 
t[Dowledge,  Jviatural  Philosophy  and  Chemittry. 

The  ^ysical  properties  are  either  general  or  secondary.  The  6rat 
are  so  called  because  they  are  common  to  all  bodies ;  the  latter  from 
being  observable  in  some  substances  only.  Among  the  first  may  be 
enumerated  extension,  impenetrability,  mobility,  extreme  diviaibility^ 
gravitation,  porosity,  and  indestructibility. 

Extension  is  the  property  of  occupying  •  certain  portion  of  space. 
A  subetaoce  is  said  to  be  extended  when  it  possesses  length,  breadth, 
and  thickness.  By  impenetrability  is  meant  that  no  two  portions  of 
matter  cau  occupy  the  same  space  at  the  same  moment.  Every  thing 
that  possesses  extension  and  impenetrability  is  matter. 

Matter,  though  susceptible  of  motion,  has  no  power  either  to  move 
itself,  or  arrest  its  progress  when  an  impulse  is  once  communicated  to 
it.  This  indifference  to  rest  or  motion  has  been  expressed  by  the 
term  vis  inertia,  as  if  it  depended  on  some  specific  force  resident  in 
matter ;  but  it  may  with  greater  propriety  be  regarded  as  •  negative 
character,  in  consequence  of  which  matter  is  wholly  given  up  to  the 
operation  of  the  various  forces  which  are  constantly  acting  upon  it. 

Matter  is  divisible  to  an  extreme  degree  of  minuteness.  A  grain  of 
gold  may  be  beaten  out  into  so  fine  a  leaf  as  to  cover  50  square  inches 
of  surface,  and  contain  two  millions  of  visible  points ;  and  yet  the  gold 
which  covers  the  silver  wire  used  in  making  gold  lace,  is  spread  over 
a  surface  twelve  tiroes  as  great.  (Nicholson's  Introduction  to  Natural 
Philosophy,  vol.  i.)  By  chemical  means  a  still  more  minute  division 
may  be  effected. 

A  keen  controversy  existed  at  one  time  concerning  the  divisibility 
of  matter ;  some  philosophers  contending  that  it  is  infinitely  divisible, 
while  others  maintained  an  opposite  opinion.  Owing  to  the  imperfec- 
tion of  our  senses  the  question  cannot  be  determined  by  direct  experi- 
ment, because  matter  certaiDly  continues  to  be  divisible  long  after 
having  ceased  to  be  an  object  of  sense.  The  decision,  if  effected  at  all, 
can  only  be  accomplished  by  indirect  means.  In  favour  of  the  first 
view  it  was  urged,  that  to  whatever  degree  matter  is  divided,  it  may 
still  be  conceived,  in  possessing  extension,  to  be  divisible  into  two 
parts ;  and  the  minuteness  to  which  matter  may  actually  be  reduced, 
gave  additional  weight  to  this  argument.  Plausible,  however,  as  this 
mode  of  reasoning  may  appear,  the  opposite  opinion  is  daily  becoming 
more  general.  It  is  now  commonly  believed  that  matter  consists  of 
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ultimate  particles  or  molecules,  which  are  thought  to  be  indivisible ; 
and  according  to  this  belief  have  received  the  appellation  of  atoms, 
(From  the  privative  et  and  Ttfjtva  I  cut.)  The  grounds  of  this  opinion 
are  derived  from  certain  astronomical  phenomena,  from  the  laws  of 
chemical  union,  and  the  relations  which  have  been  observed  to  exist 
between  the  composition  and  form  of  crystallized  bodies.  These 
subjects  will  be  considered  in  their  proper  place ;  but  I  may  observe 
here,  in  order  to  show  the  nature  of  the  argument,  that  the  supposed 
existence  of  atoms  affords  a  ready  explanation  of  various  well  ascer- 
tained facts,  which  otherwise  would  be  totally  inexplicable. 

All  bodies  descend  in  straight  lines  towards  the  centre  of  the  earth, 
when  left  at  liberty  at  a  distance  from  its  surface.  The  power  which 
produces  this  effect  is  termed  gravity,  the  attraction  o( gratjUation,  or 
terrestrial  attractum  ;  and  the  force  required  to  separate  a  body  from 
the  surface  of  the  earth,  or  prevent  it  from  descending  towards  it,  is 
called  its  weight.  Every  particle  of  matter  is  equally  affected  by 
gravity ;  and  therefore  the  weight  of  any  body  will  be  proportional  to 
the  number  of  ponderable  particles  which  it  contains. 

The  minute  particles  of  which  bodies  consist  are  disposed  in  such  • 
manner  as  to  leave  certain  intervals  or  spaces  between  them,  and  this 
arrangement  is  called  porosity*  These  interstices  may  sometimes  be 
seen  by  the  naked  eye,  and  frequently  by  the  aid  of  glasses.  But 
were  they  wholly  invisible,  it  would  still  be  certain  that  they  exist. 
All  substances,  even  the  most  compact*  may  be  diminished  in  bulk 
either  ty  mechanical  force  or  a  reduction  of  temperature.  It  hence 
follows  that  their  particles  must  touch  each  other  at  a  very  few  points 
only,  if  at  all ;  for  if  their  contact  was  so  perfect  as  to  leave  no  in- 
terstitial spaces,  then  would.it  be  impossible  to  diminish  the  dimensions 
jDf  a  body,  because  matter  is  incompressible  and  cannot  yield. — When 
therefore  a  body  expands,  the  distance  between  its  particles  is  in- 
creased ;  and,  conversely,  when  it  contracts  ok  diminishes  in  size,  its 
particles  approach  each  other. 

By  indestructibility  is  meant  that,  according  to  the  present  laws  of 
nature,  matter  never  ceases  to  exist.  This  statement  seems  at  first 
view  contrary  to  fact.  Water  and  volatile  substances  are  dissipated 
by  heat,  and  lost ;  coals  and  wood  are  consumed  in  the  fire,  and  dis- 
appear. But  in  these  and  all  similar  phenomena  not  a  particle  of 
matter  is  annihihted.  The  apparent  destruction  is  merely  owing  to  a 
change  of  form  ot  composition ;  for  the  same  material  particles,  after 
having  undergone  any  number  of  such  changes,  may  still  be  proved  to 
possess  the  characteristic  properties  of  matter. 

The  secondary  properties  of  matter  are  opacity,  transparency, 
softness,  hardness,  elasticity,  colour,  density,  solidity,  fluidity,  and 
the  like.  The  condition  of  bodies  with  respect  to  several  of  these 
properties  seems  dependent  on  the  operation  of  two  opposite  forces 
— cohesion  and  repulsion.  To  understand  how  the  particles  of  a 
body  can  attach  themselves  to  one  another  and  form  a  whole,  we 
must  suppose  them  endowed  with  a  power  of  reciprocal  attraction. 
T^is  force  is  called  cohesion,  cohesive  attraction,  or  the  attraction  of 
aggregation,  in  order  to  distinguish  it  from  terrestrial  attraction. 
Gravity  is  exerted  between  different  masses  of  matter,  and  acts  at  sen- 
sible and  frequently  at  very  great  distances ;  while  cohesion  exerts  its 
influence  only  at  insensible  and  infinitely  small  distances.  It  enables 
similar  molecules  to  cohere,  and  tends  to  keep  them  in  that  condition. 
It  is  best,  exemplified  by  the  resistance  which  a  hard  body,  such  as 
iron  or  marble,  affords  to  being  broken  by  any  external  force. 
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The  tendency  of  cohesion  is  manifestly  to  bring  the  altimate  parti- 
cles of  bodies  into  immediate  contact:  and  such  would  be  the  result 
of  its  influence,  were  it  not  counteracted  by  an  opposing  force,  a 
principle  of  repulsion,  which  prevents  their  approximation.  It  is  a 
general  opinion  among  philosophers,  supported  by  very  strong  facts, 
3iat  this  repulsion  is  owing  to  the  agency  of  caloric,  which  is  some- 
how attached  to  the  elementary  molecules  of  matter,  causing  them  to 
repel  one  another.  Material  substances  are  therefore  subject  to  the 
action  of  two  contrary  and  antagonizing  forces,  one  tending  to 
separate  their  particles,  the  other  to  bring  them  into  closer  proximity*. 
Tiie  form  of  bodies,  as  to  solidity  and  fluidity,  is  determined  by  the 
relative  intensity  of  these  powers.  Cohesion  predominates  in  solids, 
in  consequence  of  which  their  particles  are  prevented  from  moving 
freely  on  one  another.  The  particles  of  a  fluid,  on  the  contrary,  are 
far  less  influenced  by  cohesion,  being  free  to  move  on  each  other  with 
very  slight  friction.*  Fluids  are  of  two  kinds,  elastic  fluids  or  aeriform 
substances,  and  inelastic  fluids  or  liquids.  Cohesion  seems  wholly 
wanting  in  the  former ;  they  yield  readily  to  compression,  and  expand 
when  the  pressure  is  removed;  indeed,  the  space' they  occupy  is 
chiefly  determined  by  the  force  which  compresses  them.  The  latter, 
on  the  contrary,  do  not  yield  perceptibly  to  ordinary  degrees  of  com- 
pression, nor  does  an  appreciable  dilatation  ensue  from  the  removal  of 
pressure,  the  tendency  of  repulsion  being  in  them  counterbalanced  by 
cohesion. 

Matter  is  subject  to  another  kind  of  attraction  different  from  those 
yet  mentioned,  termed  Chemical  attraction  or  affinity.  Like  co- 
hesion it  actsjonly  at  insensible  distances,  and  thus  differs  entirely  from 
gravity.  It  is  distinguished  from  cohesion  by  being  exerted  between 
dissimilar  particles  only,  while  the  attraction  of  t:ohesion  unites  similar 
particles.  Thus,  a  piece  of  marble  is  an  aggregate  of  smaller  portions 
of  marble  attached  to  one  another'by  cohesion,  and  the  parts  bo  at- 
tached are  called  integrant  particles;  each  of  which,  however 
minute,  is  as  perfect  marble  as  the  mass  itself.  .  But  the  integrant 
particles  consist  of  two  substances,  lime  and  carbonic  acid,  which  are 
different  from  one  another  as  well  as  from  marble,  and  are  united  by 
chemical  attraction.  They  are  the  component  or  constituent  parts  of 
marble.  The  integrant  particles  of  a  body  are  therefore  aggregated 
together  by  cohesion ;  the  component  parts  are  united  by  affinity. 

The  chemical  properties  of  bodies  are  owing  to  afiinity,  and  every 
chemical  phenomenon  is  produced  by  the  operation  of  this  principle. 
Though  it  extends  its  influence  over  all  substances,  yet  it  affects  tiiem 
in  very  different  degrees,  and  is  subject  to  peculiar  modifications.  Of 
three  bodies,  A,  B,  and  C,  it  is  often  found  that  B  and  C  evince  no 
affinity  for  one  another,  and  therefore  do  not  combine ;  that  A,  on  the 
contrary,  has  an  affinity  for  B  and  C,  and  can  enter  into  separate  com- 
bination with  each  of  fliem ;  but  that  A  has  a  greater  attraction  for  C 
than  for  B,  so  that  if  we  bring  C  in  contact  wiSi  a  compound  of  A  and 

*  It  should  be  borne  in  mind,  however,  that  the  force  which  tends  to 
bring  the  elementary  molecules  into  closer  proximity,  is  derived  from  an 
innate  property  of  ponderable  matter ;  while  the  force  which  tends  to 
separate  them  is  dependent  on  the  operation  of  a  distinct  principle, 
caloric,  whose  particles,  being  self-repellent,  force  the  ponderable  parti- 
cles apart.  In  order  to  explain  why  the  caloric  remains  attached  to^  the 
ponderable  molecules,  it  is  necessary  to  suppose  that  its  particles, 
though  self-repellent,  have  an  attrjiptioo  fpr  ponderable  oaatter.    B. 
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B,  A  will  quit  B  and  unite  ^y  preference  with  C.  The  union  of  two 
substances  is  called  combination;  and  its  result  is  the  formation  of  a 
new  body  endowed  with  properties  peculiar  to  itself,  and  different  from 
those  of  its  constituents.  The  change  is  frequently  attended  by  the 
destruction  of  a  previously  existing  compound,  and  in  that  case  deeom- 
position  is  said  to  be  effected. 

The  operation  of  chemical  attraction,  as  thus  explained,  obviously 
lays  open  a  wide  and  interesting  field  of  inquiry.  One  may  study,  for 
example,  the  affinity  existing  between  different  substances ;  an  attempt 
may  be  made  to  discover  the  proportion  in  which  they  unite ;  and 
finally,  after  collecting  and  arranging  an  extensive  series  of  insulated 
facts,  general  conclusions  may  be  deduced  from  them.  Hence  che- 
mistry may  be  defined  the  science,  the  object  of  which  is  to  examine 
the  relations  that  affinity  establishes  between  bodies,  ascertain  with 
precision  the  nature  and  constitution  of  the  compounds  it  produces, 
and  determine  the  laws  by  which  its  action  is  regulated. 

Material  substances  are  divided  by  the  chemist  into  simple  and  com- 
pound. He  regards  those  bodies  as  compound  which  may  be  resolv- 
ed into  two  or  more  parts,  and  those  as  simple  or  elementary,  which 
contain  but  one  kind  of  ponderable  matter.  The  number  of  the  latter 
amounts  only  to  fifty-two ;  and  of  these  all  the  bodies  in  the  earth,  as 
hr  as  our  knowledge  extends,  are  composed.  The  list,  a  few  years 
.  ago,  was  somewhat  different  from  what  it  is  at  present ;  for  the  acqui- 
sition of  improved  methods  of  analysis  has  enabled  chemists  to  de- 
monstrate that  some  substances,  which  were  once  supposed  to  be 
simple,  are  in  reality  compound ;  and  it  is  probable  that  a  similar  fate 
awaits  some  of  those  which  are  at  present  regarded  as  simple. 

The  composition  of  a  body  may  be  determined  in  two  ways,  analy- 
tically or  synthetically.  By  the  first  method,  the  elements  of  a  com- 
pound are  separated  from  one  another,  as  when  water  is  resolved  by 
the  agency  of  galvanism  into  oxygen  and  hydrogen ;  by  the  second, 
they  are  made  to  combine,  as  when  oxygen  and  hydrogen  unite  by 
the  electric  spark,  and  generate  a  portion  of  water.  Each  of  these 
kinds  of  proof  is  satisfactory;  but  when  they  are  conjoined, — when  we 
first  resolve  a  particle  of  water  into  its  elements,  and  then  reproduce 
it  by  causing  them  to  unite,  the  evidence  is  in  the  highest  degree  con- 
clusive. 

I  have  followed,  in  the  composition  of  this  Treatise,  the  same  gene« 
ral  arrangement  which  I  adopt  in  my  lectures.  It  is  divided  into  four 
principal  parts.  In  the  first  I  shall  treat  of  the  Imponderables,-^ 
agents  of  so  diffusible  and  subtile  a  nature,  that  the  common  attributes 
of  matter  cannot  be  perceived  in  them.  They  are  ahogether  desti- 
tute of  weight ;  at  least,  if  they  possess  any,  it  cannot  be  discovered 
by  our  most  delicate  balances.  They  cannot  be  confined  and  exhib- 
ited in  mass  like  ordinary  bodies ;  they  can  be  collected  only  through 
the  intervention  of  other  substances.  Their  title  to  be  considered  ma- 
terial is  therefore  questionable,  and  the  effects  produced  by  them  have 
accordingly  been  attributed  by  some  to  certain  motions  or  affections 
of  common  matter.  It  must  be  admitted,  however,  that  they  appear 
to  be  subject  to  the  same  powers  that  act  on  matter  in  general,  and 
that  some  of  the  laws  which  have  been  determined  concerning  them, 
are  exactly  such  as  might  have  been  anticipated  on  the  supposition  of 
their  materiality.  It  hence  follows,  that  we  need  only  regard  them  as 
subtile  species  of  matter,  in  order  that  the  phenomena  tq  which  they 
give  rise  may  be  explained  in  the  language,  and  according  to  the  prin- 
ciples which  are  applied  to  material  substances  in  general ;  and  I  shall 
tharefore  consider  them  such  in  my  subsequent  remarks. 
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The  second  part  comprises  Inorganie  Chemistry,  It  includes  the 
doctrine  of  affinity,  and  the  laws  of  combination,  together  with  the 
chcDGLical  history  of  all  the  elementary  principles  hitherto  discovered, 
and  of  those  compound  bodies'  which  are  not  the  product  of  organiza- 
tion. The  elementary  bodies  are  divided  into  the  non-metaliie  and 
metallic ;  and  the  substances  contained  in  each  division  are  treated  in 
the  order  which,  it  is  conceived,  will  be  most  convenient  for  the  pur- 
poses of  teaching.  From  the  important  part  which  oxygen  plays  in 
the  economy  of  nature,  it  is  necessary  to  begin  with  the  description 
of  that  principle ;  and  from  the  tendency  it  has  to  unite  with  other  bo- 
dies, as  well  as  the  importance  of  the  compounds  it  forms  with  them» 
it  will  be  useful,  in  studying  the  history  of  each  elementary  body,  to 
describe  the  combinations  into  which  it  enters  with  oxygen  gas.  The 
remaining  compounds  which  the  non-metallic  substances  form  with 
one  another,  will  next  be  considered.*  The  description  of  the  individ- 
ual metals  will  be  accompanied  by  a  history  of  their  combinations,  first 
with  the  simple  non-metallic  bodies,  and  afterwards  with  one  ano- 
ther.   The  last  division  of  this  part  will  comprise  a  history  of  the  salts. 

The  third  general  division  of  the  work  is  on  Organic  Chemiitry,  a 
subject  which  will  be  conveniently  discussed  under  two  heads,  the 
one  comprehending  the  products  of  vegetable,  the  other  of  animal  life. 

The  fourth  part  contains  brief  directions  for  the  performance  of  ana- 
lysis. 
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CHEMISTRY. 

PART   L 

SECTION  I. 

CALORIC. 

THE  term  Heat^  io  common  language,  has  two  meaDings  :  in  the 
one  case,  it  implies  the  sensation  experienced  on  touching  a  hot 
body ;  in  the  other,  it  expresses  the  cause  of  that  sensation.  To  avoid 
any  ambiguity  that  may  arise  from  the  use  of  (he  same  expression  id 
iwo  such  different  senses,  it  has  been  proposed  to  employ  the  word 
Caloric  to  signify  exclusiyeiy  the  principle  or  cause  of  the  feeling  of 
heat,  and  the  use  of  this  term  has  now  become  so  general,  that  I 
have  adopted  it  in  the  present  treatise. 

Caloric,  on  the  supposition  of  its  being  material,  is  a  subtile  fluid, 
the  particles  of  which  repel  one  another,  and  are  jittracted  by  all  other 
substances.  It  is  imponderable ;  that  is,  it  is  so  exceedingly  light  that 
a  body  undergoes  no  appreciable  change  of  weight,  either  by  the  ad- 
dition or  abstraction  of  caloric.  It  is  present  in  ali  bodies,  and  can- 
not be  wholly  separated  from  them.^  For  if  we  take  any  substance. 
whatever,  at  any  temperature,  however  low,  and  transfer  it  into  an  at^ 
mosphere,  whose  temperature  is  still  lower,  a  thermometer  will  indi- 
cate that  caloric  is  escaping  from  it.  That  its  particles  repel  one  ano- 
ther, is  proved  by  observing  that  it  flies  off  from  a  heated  body;  and 
that  it  is  attracted  by  other  substances,  is  equally  manifest  from  the 
tendency  it  has  to  penetrate  their  particles,  and  be  retained  by  them. 
Caloric  may  be  transferred  from  one  body  to  another.  Thus,  if  a 
cup  of  mercury  at  60*^  be  plunged  into  hot  water,  caloric  passes  rapidly 
from  one  into  the  other,  until  the  temperature  in  both  is  the  same  ; 
that  is,  till  av  thermometer  placed  in  each  stands  at  the  same  height. 
All  bodies  on  the  earth  are  constantly  tending  to  attain  an  equality,  or 
what  is  technically  called  an  equilihrium  of-  temperature.  If,  for  ex- ' 
ample,  a  number  of  substances  of  different  temperatures  be  enclosed 
in  an  apartment,  in  which  there  is  no  actual  source  of  caloric,  they  will 
very  soon  acquire  an  equilibrium,  so  that  a  thermometer  will  stand  at 
the  same  point  in  all  of  them.  The  varying  sensations  of  heat  and 
cold,  which  we  experience,  are  owing  to  4i  like  cause.    On  touching 
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a  hot  body,  calorie  passes  from  it  into  thehand^  and  excites  the  feeling 
of  warmth  ;  when  we  touch  a  cold  body,  caloric  is  communicated  to  it 
from  the  hand,  and  thusr  produces  the  sensation  of  cold. 

As  the  transportation  of  caloric  is  constantly  going  forward,  it  is  im- 
portant to  determine  by  what  means,  and  according  to  what  laws,  the 
equilibrium  is  established.  When  any  substance  is  brought  into  con- 
tact with  another,  which  differs  from  it  in  temperature, — if,  for  lucam- 
ple,  a  cold  bar  of  iron  be  thrust  among  glowing  embers,  or  a  hot  ball 
of  the  same  metal  be  plunged  into  a  basin  of  cold  water, — the  excess 
of  caloric  in  the  hot  body  passes  rapidly  to  the  particles  on  the  surface 
of  the  other ;  from  them  it  is  transferred  to  those  situated  more  inter- 
nally, and  so  forth,  till  the  bar  in  the  one  case,  and  the  ball  in  the  other 
arrive  at  the  same  temperature  as  the  embers  or  the  water  with  which 
they  are  in  contact.  In  such  instances,  caloric  is  said  to  pass  by  eom- 
tnunieation,  or  to  be  communicated  from  one  body  to  another ;  and 
in  its  passage  through  any  one  of  those  bodies,  it  is  said  to  be  conduei- 
ed  by  them. 

But  when  a  heated  substance  is  placed  under  such  circumstances  as 
to  preclude  the  possibility  of  its  caloric  being  communicated, — for  in- 
stance, when  a  glass  globe  full  of  hot  water  is  suspended  in  the  va- 
cuum of  an  air-pump, — the  excess  of  its  caloric  still  passes  away,  and 
in  a  very  short  time  it  will  have  acquired  the  temperature  of  the  sur-  ^ 
rounding  objects.  It  must  then  be  capable  of  passing  from  one  body 
to  another  situated  at  a  sensible  distance ;  it  is  projected  as  it  were 
from  one  to  the  other.  In  order  that  its  p^Issage  should  take  place  ia 
this  manner,  it  is  not  necessary  that  the  body  should  be  in  vacuo ;  it 
passes  with  equal  facility  through  the  air  as  through  a  vacuum. 

It  follows,  therefore,  that  in  establishing  an  equilibrium  of  tempera- 
ture, caloric  is  distributed  among  the  surrounding  objects  in  two 
ways;  partly  through  the  means  of  intermediate  bodies,  or  by  commti- 
nication,  partly  in  consequence  of  9n  interchange  established  from  a 
distance,  or  by  radiation. 

Communication  of  Caloric. 

Caloric  passes  through  bodies  with  different  degrees  of  veloci- 
ty. Some  substances  oppose  very  little  impediment  to  its  passage, 
while  it  is  transmitted  slowly  by  others.  Daily  experience  teaches, 
that  though  we  cannot  leave  one  end  of  a  rod  of  iron  for  some  time  in 
the  fire,  and  then  touch  its  free  extremity,  without'  danger  of  being 
burnt ;  yet  this  may  be  done  with  perfi^t  safety  with  a  rod  of  glass  or 
of  wood.  The  caloric  will  speedily  traverse  the  iron  bar,  so  that  at 
the  distance  of«  foot  from  the  fire,  it  is  impossible  to  support  its  heat ; 
while  we  may  hold  a  piece  of  red  hot  glass  two  or  three  inches  from 
il8  extremity,  or  keep  a  piece  of  burning  charcoal  in  the  hand,  though 
the  part  in  combustion  is  only  a  few  lines  removed  from  the  skin.  The 
observation  of  these  and  similar  facts,  has  led  to  a  division  of  bodies 
into  conductors  and  non-conductors  of  caloric.  The  former  division, 
of  course,  includes  those  bodies  which  allow  caloric  to  pass  freely 
N^  through  their  substance,  such  as  metals ;  and  the  latter  comprises  those 
/  which  do  not  give  an  easy  passage  to  it,  such  as  stones,  glass,  wood 
and  charcoal. 

Various  methods  have  been  adopted  for  determining  the  relative 
conducting  power  of  different  substances.  The  mode  adopted  by  In- 
genhouz,*  who  made  experiments  on  this  subject,  is  the  following. 


Ingephouz,  Journal  de  Phys.  1789,  p.  68. 
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He  coreredsmftll  rods  of  the  same  form,' size,  and  len|rth,  biit  of  differ- 
ent materials,  with  a  layer  of  wax,  plaoged  their  eztremitiea  into  heat- 
ed oil,  and  noted  to  what  distance  the  wax  was  melted  on  each  dur- 
ing the  same  interval.  The  metals  were  found,  by  this  method,  to 
condact  caloric  better  than  any  other  substances ;  and  of  the  metals, 
alver  is  the  best  conductor ;  gold  comes  next,  then  tin  and  copper, 
which  are  nearly  equal ;  then  iron,  platinum  and  lead. 

Some  experiments  have  lately  been  made  by  M.  Despretz,  appa* 
rently  with  great  care,  on  the  relative  conducting  power  of  the  metals 
and  some  other  substances,  and  the  results  are  contained  in  the  follow- 
ing table.     (An.  de  Ch.  et  Ph.  xxxvi.  422.) 

Gold  1000  Tin  .      808.9 

Silver  .        973  Lead  179.6 

Copper         .        898.2  Marble  •        2SS 

Platinum     .         381*  Porcelain      .        12.2 

Iron  .        874.3  Fine  clay      .        11.4 

Zinc  .        363 

The  substances  employed  for  these  experiments  were  made  into 
prisms  of  the  same  form  and  size.  To  one  extremity  a  regular  source 
of  beat  was  applied,  and  the  passage  of  caloric  along  the  bar  was  esti- 
mated by  small  thermometers  placed  at  regular  distances,  with  their 
bulbs  fixed  in  the  substance  of  the  prism. 

An  ingenious  plan  was  adopted  by  Count  Rumfordf  for  ascertaining 
(he  relative  conducting  powers  of  the  different  materials  employed  for 
clothing.  He  enveloped  a  thermometer  in  a  glass  cylinder  blown  into 
a  ball  at  its  extremity,  and  filled  the  interstices  with  the  substance  to 
be  examined.  Having  heated  the  apparatus  to  the  same  temperature 
in  every  instance  by  immersing  it  in  boiling  water,  he  transferrei^  it 
into  melting  ice,  and  observed  carefully  the  number  of  seconds  which 
elapsed  during  the  passage  of  the  thermometer  through  135  degrees. 
When  there  was  air  between  the  thermometer  and  cylinder,  the  cool- 
iog  took  place  in  576  seconds ;  when  the  interstice  was  filled  with  fine 
lint,  it  took  place  in  1032"  ;  with  cotton  wool  in  1046";  with  sheep's 
wool  in  1118" ;  with  raw  silk  in  1284" ;  with  beaver's  for  in  1296"  ; 
with  eider  down  in  1305" ;  and  with  hare's  fur  in  1315".  The  general 
practice  of  mankind  Is  therefore  fully  justified  by  experiment.  In 
winter  we  retain  the  animal  heat  as  much  as  possible  by  covering  the 
body  with  bad  conductors,  such  as  silk  or  woollen  stuffs  ;  and  in  sum- 
mer, cotton  or  linen  articles  are  employed  with  an  opposite  intention. 
A  variety  of  familiar  phenomena  arise  from  the  difference  of  con- 
ducting power.  Thus  if  a  piece  of  iron  and  glass  be  heated  to  the 
same  degree,  the  sensation  they  communicate  to  tl^e  hand  is  very 
different ;  the  iron  will  give  the  sensation  of  burning,  while  the  glass 
feels  but  moderately  warm.  The  quantity  of  caloric,  which  in  a  given 
time  may  be  brought  to  the  surface  of  the  heated  body,  so  as  to  pass 
into  the  skin,  is  much  greater  in  the  iron  than  in  the  glass,  and  there - 

*  In  the  table  as  it  originally  stood  in  the  second  English  edition 
of  this  work,4fe%conductibility  of  platinum  is  made  superior  even  to 
that  of  silver.  Dr  Turner  very  justly  remarks,  «  There  must  certainly 
be  some  mistake  in  the  experiments  or  calculations  of  M.  Despretz,  or ' 
in  the  report  of  them ;"  and  in  this  Dr  Turner  is  perfectly  correct. 
Upon  consulting  Berzelius's  Traill  de  Chimie,  M.  Despretz's  table  is 
given,  and  the  number  for  platinum  stated  at  381.  I  have  restored  to 
platinum  its  proper  place  and  number  in  the  table,  and  cancelled  so 
much  of  the  author's  text  as  relates  to  the  error.    B. 

t  Rumford,  Phil.  Tr.  1792. 
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fore  in  the  former  ease  the  seiifation  must  be  more  acute.  Thie 
proves  that  the  senee  of  touch  is  a  very  fallacious  test  of  heat  and  cold; 
and  hence,  on  applying  the  hand  to  various  contiguous  obiects,  we 
are  very  apt  to  fegn  wrong  notions  of  their  temperature.  The  carpet 
will  feel  nearlv  A  warm  as  the  hand  ;  a  book  will  feel  cool,  the  table 
cold,  the  marbfe  chimney-piece  colder,  and  the  candle-stick  colder 
still ;  yet,  a  thermometer  applied  to  them  will  stand  in  all  at  exactly  the 
same  elevation.  They  are  all  colder  than  the  hand ;  but  those  that 
carry  away  caloric  most  rapidly,  excite  the  strongest  sensation  of  cold. 

The  conducting  power  of  solid  bodies  does  not  seem  to  be  related 
to  any  of  the  other  properties  of  matter ;  but  it  approaches  nearer  to 
^  the  ratio  of  their  densities  than  to  that  of  any  other  property.  Count 
Rumford  found  a  considerable  difference  in  the  conducting  power 
even  of  the  same  material,  according  to  the  state  in  which  it  was  em- 
ployed. His  observations  seem  to  warrant  the  conclusion,  that  in  the 
same  substance  the  conducting  power  increases  with  the  compactness 
of  structure. 

Liquids  may  be  said,  in  one  sense  of  the  word,  to  have  the  power 
of  communicating  caloric  with  great  rapidity,  and  yet  they  are  very 
imperfect  conductors.  The  transmission  of  caloric  from  particle  to 
particle  does  in  reality  take  place  very  slowly ;  but  in  consequence  of 
the  mobility  of  their  particles  upon  each  other,  there  are  peculiar  in- 
ternal movements,  which  under  certain  circumstances  may  be  occa- 
sioned in  them  by  increase  of  temperature,  and  which  do  more  than 
compensate  for  the  imperfect  conducting  power  with  which  they  are 
really  endowed. 

When  certam  particles  of  a  liquid  are  heated  they  expand,  and  thus 
become  specifically  lighter  than  those  which  have  not  yet  received  an 
increase  of  temperature ;  and  consequently,  according  to  a  well-known 
law  in  physics,  the  colder  and  denser  particles  descend,  while  the 
warmer  ones  are  pressed  upwards.  It  therefore  follows  that  if  caloric 
enter  at  the  bottom  of  a  vessel  containing  any  liquid,  a  double  set  of 
currents  must  be  immediately  established,  the  one  of  hot  particles  ris- 
ing towards  the  surface,  and  the  other  of  colder  particles  descending 
to  the  bottom.  Now  these  currents  take  place  with  such  rapidity, 
that  if  a  thermometer  be  placed  at  the  bottom,  and  another  at  the  top- 
of  a  long  jar,  the  fire  being  applied  below,  the  upper  one  will  begin  to 
rise  almost  ^as  soon  as  the  lower.  Hence,  under  certain  circumstan- 
ces, caloric  is  rapidly  communicated  through  liquids. 

But  if,  instead  of  heating  the  bottom  of  the  jar,  the  caloric  is  made 
to  enter  by  the  upper  surface,  very  different  phenomena  will  be  obser- 
ved. The  intestine  movements  cannot  now  be  formed,  because  the 
heated  particles* have  a  tendency  to  remain  constantly  at  the  top  ;  the 
caloric  can  descend  through  the  fluid  only  by  transmission  from  par- 
ticle to  particle,  a  process  which  takes  place  so  veiy  tardily,  as  to 
have  induced  Ciount  Rumford  to  deny  that  water  can  conduct  at  all. 
In  this  he  was  mistaken ;  for  the  opposite  opinion  has  been  success- 
fully supported  by  Dr  HopCj  Dr  Thomson,  and  the  late  Dr  Murray, 
though  they  all  admit  that  water,  and  liquids  in  general,  mercury  ex- 
cepted, possess  the  power  of  conducting  caloric  in  a  very  slight  de- 
gree. 

It  is  extremely  difficult  to  estimate  the  conducting  power  of  aeri- 
form fluids.  Their  particles  move  so  freely  on  each  other,  that  the 
moment  a  particle  is  dilated  by  a  calorie,  it  is  pressed  upwards  with 
great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  that 
tn  ucending  and  descending,  current  is  instantly  established.  Be* 
sides,  these  bodies  allow  a  passage  through  them  by  radiation.  Now 
the  quantity  of  caloric  which  passes  by  these  two  channels  is  to  much 
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'  ETMter  (ban  tibat  which  Is  conducted  from  particle  to  particle,  that  we 
ymss  DO  means  of  determiDiug  their  proportion.  It  is  certain,  how* 
!T«,  that  the  conductiiig  power  of  gaseous  fluids  is  exceedingly  im* 
j«ifec(,  probably  even  more  so  than  that  of  liquids. 

Radiation* 

\ 

When  the  hand  ia  placed  beneath  a  hot  body  suspended  in  the  air, 
idistiact  sensation  of  warmth  is  perceived,  though  from  a  considera- 
ble distance.  This  effect  does  not  arise  from  the  caloric  being  con- 
Teyed  by  means' of  a  hot  current;  for  all  the  heated  particles  nave  a 
QQiform  tendency  to  rise.  Neither  can  it  depend  upon  the  conducting 
power  of  the  air  ;  since  aerial  substances  possess  that  power  in  a  very 
m  degree,  while  the  sensation  in  the  present  case  is  eicited  almost 
w  the  instant.  There  is  yet  another  mode  by  which  caloric  passes 
iom  ODe  body  to  another ;  and  as  it  takes  place  in  all  gases,  and  even  in 
ncuo,  it  is  inferred  that  the  presence  of  a  medium  is  not  necessary  to 
is  passage.  This  mode  of  transmission  is  called  HatUaUon  of  Calo- 
nc,  and  the  fluid  so  transmitted  is  called  Radiant,  or  Badiaied 
Caloric*  It  appears,  therefore,  that  a  heated  body  suspended  in  the 
iir  cools,  or  is  brought  down  to  an  equilibrium  with  surrounding  bo- 
^eSjiD  three  ways  ;  first,  by  the  conducting  power  of  the  air,  whose 
toBueDce  is  very  trifling ;  secondly,  by  the  mobility  of  the  air  in  con- 
tact with  it ;  and  thirdly,  by  radiation. 
Caloric  is  emitted  from  the  surface  of  a  hot  body  equally  invall  di- 
rections, and  in  right  lines,  like  radii  drawn  from  the  centre  to  the 
ciFcamference  of  a  circle ;  so  that  a  thermometer  placed  at  the  same 
distance  on  any  side  would  stand  at  the  same  point,  if  the  effect  ofthe 
iscendmg  current  of  hot  air  could  be  averted.  The  calorific  rays,  thus 
distributed,  pass  freely  through  a  vacuum  and  the  air,  without  being 
urested  by  the  latter  or  in  any  way  affecting  its  temperature.  When 
^ey  fall  upon  the  surface  of  a  solid  or  liquid  substance,  they  are  either 
reflected  from  it,  and  thus  receive  a  new  direction,  or  they  lose  their 
ndiant  form  altogether,  and  are  absorbed.  In  the  latter  case,  the  tem- 
l^crature  of  the  receiving  substance  is  increased,  in  the  former  it  is 
QDchaDged. 

The  absorption  of  radiant  caloric  may  be   proved  by  placing  a 

tnennometer  before  the  fire,  or  any  heated  body,  when  the  mercury 

^lU  be  seen  to  rise  in  the  stem.    It  has  been  ascertained  by  accurate 

ezperiment,  and  may  be  demonstrated  mathematically,  that  the  inten- 

^^y  of  effect  diminishes  according  to  the  squares  of  the  distance  from 

|Qe  radiating  point.    Thus  the  thermometer  will  indicate  four  times 

Jess  heat  at  two  inches,  nine  times  less  at  three  inches,  and  sixteen 

^es  less  at  four  inches,  than  it  did  when  it  was  only  one  inch  from 

uie  heated  substance. 

The  existence  of  a  reflecting  power  may  be  shown  in  a  familiar 

1    iDinner,  by  standing  at  the  side  of  a  fire  in  such  a  position  that  the 

<^|>iOric  caoDot  reach  the  face  directly,  and  then  placing  a  large  plate 

of  tinned  iron  opposite  the  grate,  and  at  such  an  inclination  as  permits 

Jue  observer  to  see  in  it  the  reflection  of  the  fire ;  as  soon  as  it  is 

ofougbt  to  this  inclination,  a  distinct  impression  of  heat  will  be  per- 

I    ^ived  upon  the  face.     If  a  line  be  drawn  from  the  heated  substance 

!    |P  the  point  of^a  plane  surface  from  which  it  is  reflected,  and  a  second 

'    "oe  from  that  point  to  the  spot  where  it  produces  its  effect,  the  angles 

'    ^hich  these  lines  form  with  a  line  perpendicular  to  the  reflecting 

'    P[>ne  are  equal  to  each  other,  or,  in  philosophical  language,  the  an- 

S>«  of  incidence  is  equal  to  the  angle  of  reflection.    It  is  on  account 


n»«^~^ 
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ot  ibis  law  that  when  a  heated  body  is  placed  in  the  focui  of  a  concave 
parabolic  reflector,  the  divefging  rays  which  strike  upon  it  assume  a 
parallel  direction  with  respect  to  each  other;  and  when  these  parallel 
rays  impinge  upon  a  second  concave  reflector,  standing  opposite  to 
the  former,  thejF  are  made  to  converge,  so  as  to  meet  in  its  focus, 
where  a  great  degree  of  heat  is  developed.  This  fact,  as  applied  to 
the  sun*s  rays  or  red  hot  bodies,  has  been  long  known.  But  it  is  a 
modern  discovery  that  caloric  emanates  in  invisible  rays,  which  are 
subject  to  the  same  laws  of  reflection  as  those  that  are  accompanied 
by  light. 

This  fact  may  be  inferred  from  the  experiments  of  the  Florentine 
Academicians,  and  Lambert  observed  the  reflection  of  non- luminous 
caloric ;  but  the  honour  of  establishing  it  in  a  decisive  and  unequivO'^ 
cal  manner  is  due  to  Messrs.  Saussure  and  Pictet*  of  Geneva,  the 
latter  of  whom,  at  the  suggestion  of  the  former,  first  proved  it  of  an 
iron  ball  heated  so  as  not  to  be  luminous  even  in  the  dark,  and  after- 
wards of  a  vessel  of  boiling  water.  For  a  knowledge  of  the  laws  of 
radiation  in  general,  however,  we  are  indebted  to  the  researches  of 
Professor  Leslie,  described  in  his  Essay  on  Heat. 

Mr  Leslie  employed  a  hollow  tin  cube  filled  with  hot  water  as  the 
radiating  substance.  The  rays  proceeding  from  it  were  .brought,  by 
means  of  a  concave  mirror,  into  a  focus,  in  which  the  bulb  of  a  dif- 
ferential thermometer  was  placed.  He  found  that  certain  substances 
radiate  caloric  much  more  rapidly  than  others,  and  that  the  nature  of 
the  surface  of  a  heated  body  has  a  singular  influence  upon  its  radia- 
tion. By  adapting  thin  plates  of  different  metals  to  the  sides  of  the 
tin  cube,  and  turning  them  successively  towards  the  mirror,  he  found 
a  very  variable  eflect  produced  upon  the  thermometer.  A  bright 
smooth  polished  metallic  surface  radiated  caloric  very  imperfectly; 
but  if  the  surface  was  in  the  least  degree  dull  or  rough,  the  radiating 
power  was  immediately  augmented.  By  covering  the  tin  surface 
with  a  thin  layer  of  isinglass,  paper,  wax,  or  resin,  its  power  of  radia- 
tion increased  surprisingly.  Metallic  substances  were  observed  to 
be  the  worst  possible  radiators,  particularly  such  as  are  susceptible  of 
a  high  polish,  as  gold,  silver,  tin,  and  brass ;  but  it  is  easy  to  make 
them  radiate  well  by  giving  them  the  opposite  properties,  either  by 
scratching  their  surface,  or  covering  it  with  whiting,  lamp-black,  or 
any  other  convenient  substance.  It  is  commonly  supposed  that 
black  surfaces  radiate  better  than  white  ones,  but  I  am  not  acquaint- 
ed with  any  conclusive  experiments  in  proof  of  this  opinion. 

Mr  Leslie  next  examined  the  power  of  different  substances  in  re- 
flecting caloric,  and  he  soon  arrived  at  the  interesting  conclusion, 
that  those  surfaces  which  radiate  least  reflect  most  powerfully.  A 
polished  plate  of  tin  or  brass  is  an  excellent  reflecting  surface,  but  a 
bad  radiating  one;  by  removing  the  polish  in  any  way,  its  reflecting 
power  is  diminished  in  the  same  proportion  as  its  radiating  power  is 
increased.  His  experiments,  indeed,  justify  the  conclusion,  that  the 
faculty  of  radiation  is  inversely  as  that  of  reflection. 

There  are  only  two  modes  by  which  calorific  rays,  falling  upon  a 
solid  opake  body,  can  dispose  of  themselves ;  they  must  either  be  re- 
flected from  it,  or  enter  into  its  substance.  In  this  case  caloric  is  said 
to  be  absorbed.  Now  it  is  manifest,  that  those  rays  which  are  re- 
flected cannot  be  absorbed ;  and  those^which  are  not  reflected,  must 
be  absorbed.  Hence  it  follows  that  the  absorption  of  caloric  in  the 
same  body  is  inversely  as  its  reflection  ;  and  since  the  property  of  ra- 

*  Pictet's  Essai  sur  le  Feu,  p.  65,  (1790.) 
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diation  is  likewiro  inversely  as  that  of  reflection,  the  power  of  radia- 
ting and  absorbing  caloric  must  be  proportional  and  equal^. 

in  speaking  of  radiant  caloric,  it  is  necessary  to  distinguish  calorific 
rays  accompanied  by  light  from  those  which  are  emitted  by  a  non- 
luminous  body,  since  their  properties  are  not  exactly  similar.  Thus 
the  absorption  of  laminous  caloric,  whether  proceeding  from  the  sun 
or  a  common  fire,  is  very  much  influenced  by  colour ;  it  is  most  con- 
siderable in  black  and  dark  coloured  surfaces,  while  it  is  much  less  in 
white  ones.  The  influence  of  colour,  on  the  contrary,' over  the  ab- 
sorption of  non-luminous  caloric  is  exceedingly  slight ;  -it  remains  to 
be  proved,  indeed,  whether  any  effect  can  fairly  be  attributed  to  this 
cause. 

It  may  be  asked, -since  radiant  caloric  passes  without  interruption 
through  the  air,  whether  it  can  pass  in  a  similar  manner  through  solid 
transparent  media,  such  as  glass  or  rock-crystal.  The  only  point  of 
view  under  which  this  subject  can  be  considered  at  present,  is  with 
respect  to  radiant  caloric  emitted  by  a  warm  body  that  is  not  luminous. 
When  a  piece  of  clear  glass  is  placed  between  such  a  body  and  a 
thermometer,  the  latter  is  not  nearly  so  much  affected  as  it  would  be 
were  no  screen  interposed;  and  the  glass  itself  becomes  warm. 
These  facts  prove  that  at  least  the  greater  part  of  the  calorific  rays 
is  intercepted  by  the  gtass.  But  the  thermometer  is  affected  to  a 
certain  degree ;  and  the  question  is,  by  what  means  do  the  rays  reach 
it?  Professor  Leslie  contends,  that  all  the  rays  which  fall  upon  the 
glass  are  absorbed  by  it,  pass  through  its  substance  by  its  conducting 
power,  and  are  then  radiated  from  the  other  side  of  the  glass  towards 
the  thermometer,  an  opinion  which  Dr  Brewster  has  ably  supported 
by  an  argument  suggested  by  his  optical  researches,  f  Phil.  Trans, 
for  1816,  p.  106.)  The  experiments  of  Delaroche,  on  tne  contrary, 
(Biot.  Trait^  de  Physique,  v.  4.)  lead  to  the  conclusion  that  glass 
does  transmit  some  calorific  rays,  the  number  of  which,  in  relation 
to  the  quantity  absorbed,  is  greater  as'  the  intensity  of  the  heat  in- 
creases ;  and  the  general  result  obtained  by  that  philosopher  agrees 
with  some  experiments  which  Dr  Christison  and  myself  performed  in 
the  year  1824  on  the  same  subject. 

The  facts  tiiat  have  been  determined  concerning  the  laws  of  radi- 
ant caloric  have  given  rise  to  two  ingenious  modes  of  accounting  for 
the  tendency  of  bodies  to  acquire  an  equilibrium  of  temperature. 
This  takes  place,  according  to  M.  Pictet,  in  consequence  of  the  hot 
body  giving  calorific  rays  to  the  surrounding  colder  ones  till  an  equi- 
librium is  established,  at  which  moment  the  radiation  ceases.  M. 
Prevost,t  on  the  contrary,  contends  that  radiation  goes  on  at  all 
times,  and  from  all  bodies,  whether  their  temperature  is  the  same  or 
different  from  those  that  surround  them.  According  to  this  view,  the 
temperature  of  a  body  falls  whenever  it  radisites  more  caloric  than  it 

*  The  remarks  of  the  author  on  the  passage  of  caloric  through 
surfaces,  may,  perhaps,  be  extended  with  advantage.  Surfaces,  as  to 
the  transmission  of  caloric,  may  be  divided  into  two  sets  ;  1st,  those 
which  offer  an  easy  passage  to  caloric,  either  inwards  or  outwards ; 
and  2d,  those  through  which  caloric  passes  with  difficulty.  The  first 
set  of  surfaces  are  at  the  same  time  good  absorbers  and  radiators ; 
the  second  set  combine  the  qualities  of  good  reflectors  and  retainers. 
The  absorbing  and  radiating  power  on  the  one  hand,  and  the  reflect- 
ing and  retaining  power  on  the  other,  would  therefore  seem  to  be 
common  properties,  belonging  to  two  distinct  sets  of  surfaces.    B. 

t  Recherches  sur  la  Chaleur. 
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absorbs ;  its  temperature  is  stationary  when  the  quantities  emitted 
and  received  are  equal ;  and  it  becomes  warm  when  the  absorption 
exceeds  the  radiation.  A  hot  body»  surrounded  by  others  colder  than 
itseir,  is  an  example  of  the  first  case ;  the  second  happens  when  all 
the  substances  which  are  near  one  another  have  the  same  tempera- 
ture ;  and  the  third  occurs  when  a  cold  body  is  brought  into  a  warm 
room. 

Though  neither  of  these  theories  has  been  proved  to  be  true,  and 
both  of  them  have  the  merit  of  accounting  for  the  phenomena  of  ra- 
diation, the  preference  is  commonly  given  to  the  last.  The  theory  of 
M.  Prevost  affords  a  more  satisfactory  explanation  of  the  phenomena 
of  radiant  caloric  than  that  of  M.  Pictet ;  but  the  chief  argument  in 
its  favor  is  drawn  from  the  close  analogy  between  the  laws  of  light 
and  caloric.  Luminous  bodies  certainly  exchange  rays  with  one 
another ;  a  less  intense  light  sends  rays  to  one  of  greater  intensity ; 
and  hence  it  may  be  inferred  that  an  interchange  of  calorific  rays 
takes  place  in  a  similar  manner.  Under  this  point  of  view,  it  is  diffi- 
cult to  conceive  how  the  radiation  of  one  body  should  be  influenced 
by  the  presence  of  another  at  a  considerable  distance  from  it. 

This  ingenious  theory  applies  equally  well  to  the  experiments  with 
the  conjugate  mirrors,  as  to  the  phenomena  of  ordinary  radiation.  If 
a  metallic  ball  in  the  focus  of  one  mirror,  and  a  thermometer  in  that 
of  the  other,  are  both  of  the  same  temperature  as  the  surrounding  ob- 
jects, (say  at  60°  F.)  the  thermometer  remains  stationary.  It  does 
indeed  receive  rays  from  the  ball ;  but  its  temperature  is  not  affected 
by  them,  because  it  gives  back  an  equal  number  in  return.  If  the 
ball  is  above  60°  F.  the  thermometer  begins  to  rise,  because  it  now 
receives  a  greater  number  of  rays  than  it  gives  out.  If,  on  the  con- 
trary, the  ball  is  below  60°  F.  then  the  thermometer,  being  the 
warmer  of  the  two  bodies,  emits  more  rays  than  it  receives,  and  its 
temperature  falls. 

The  same  mode  of  reasoning  accounts  very  happily  for  an  experi- 
ment originally  performed  by  the  Florentine  Academicians,  and  since 
carefully  repeated  by  M.  Pictet,  the  result  of  which  at  first  appeared 
quite  anomalous.  He  placed  a  piece  of  ice  instead  of  the  metallic 
ball  in  the  focus  of  his  mirror,  and  observed  that  the  thermometer  in 
the  opposite  focus  immediately  descended,  but  rose  again  as  soon  as 
the  ice  was  removed.  On  replacing  the  ice  in  the  focus,  the  ther- 
mometer again  fell,  and  reascended  when  it  was  withdrawn.  It  was 
supposed  by  some  philosophers  that  this  experiment  proved  the  ex- 
istence of  frigorific  rays,  whose  property  was  to  communicate  cold- 
ness ;  whereas,  all  the  preceding  remarks  are  made  on  the  supposition 
that  cold  is  merely  a  negative  quality  arising  from  the  diminution  of 
caloric.  If,  indeed,  the  result  of  M.  Pictet's  experiment  could  not 
be  explained  on  the  latter  supposition,  we  should  be  obliged  to  adopt 
the  former ;  but  as  we  are  not  driven  to  that  alternative,  it  is  in  nowise 
necessary  to  modify  our  views.  In  fact,  as  the  thermometer  gives 
more  rays  to  the  ice  than  it  receives  in  return,  it  must  necessarily 
become  colder.'  It  rises  again  when  the  ice  is  removed,  because  it 
then  receives  a  number  of  calorific  rays  proceeding  from  the  warmer 
surrounding  objects,  which  were  intercepted  by  the  ice  while  it  was 
in  the  focus.  Whence  it  appears  that  the  result  of  this  experiment 
flows  naturally  out  of  M.  Prevost's  theory.* 

*  It  flows  no  less  naturally  out  of  M.  Pictet's  views.  In  explain- 
ing the  experiment  of  the  apparent  radiation  of  cold,  it  is  necessary  to 
distinguish  two  cases  in  which  the  equilibrium  of  temperature  is  dis- 
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A  very  elegant  application  of  this  theory  was  made  hy  the  late  Dr 
Wells  to  account  for  the  formation  of  dew*.  The  most  copious  de- 
position of  dew  takes  place  when  the  weather  is  clear  and  serene ; 
and  the  substances  that  are  covered  with  it  are  always  colder 
than  the  contiguous  strata  of  air,  or  than  those  bodies  on  which  dew 
is  not  deposited.  In  fact,  dew  is  a  deposition  of  water  previously  ex- 
isting in  the  air  as  vapour,  and  which  loses  its  gaseous  form  only  in 
consequence  of  being  chilled  by  contact  with  colder  bodies,  la 
speculating,  therefore,  about  the  cause  of  this  interesting  and  impor- 
tant phenomenon,  the  chief  object  is  to  discover  the  principle  by 
which  the  reduction  of  temperature  is  effected.  The  explanatioh  pro- 
posed  by  Dr  Wells,  and  now  almost  universally  adopted,  is  founded 
on  the  theory  of  M.  Prevost.  If  it  be  admitted  that  bodies  radiate  at 
all  times,  their  temperature  can  remain  stationary  only  by  their  receiv- 
ing from  surrounding  objects  as  many  rays  as  they  emit ;  and  should  a 
substance  be  so  situated  that  its  own  radiation  may  continue  uninter- 
ruptedly without, an  equivalent  being  returned  to  it,  its  temperature 
must  necessarily  fall.  Such  is  'believed  to  be  the  condition  of  the 
ground  in  a  calm  starlight  evening.    The  calorific  rays  which  are  then 

tuibed ;  1st,  by  a  body  raised  above  the  temperature  of  the  surround- 
ing medium  ;  and  2d,  by  one  below  the  temperature  of  such  medium. 
If  a  thermometer,  after  being  heated  to  the  boiling  point,  be  held  in 
the  air,  it  immediately  commences  to  project  its  caloric  ^Into  the 
sunrounding  colder  medium.  If,  however,  we  hold  a  ball  of  snow 
near  the  bulb  of  a  thermometer  which  has  been  standing  in  a  temper- 
ate apartment,  the  mercury  fails,  not  because  the  caloric  is  projected 
from  the  instrument,  but  rather  because  the  caloric  is  drawn  into  the 
snow.  The  calorific  tension  of  the  space  occupied  by  the  snow  is 
diminished,  and  the  caloric  of  the  surrounding  medium  is  drawn  in  by 
what  might  be  conveniently  called  calorific  induction.  The  effect,  at 
first,  is  felt  in  the  immediate  vicinity  of  the  cold  body  and  is  thence 
propagated  in  right  lines  successively  to  greater  and  greater  distances. 
If  these  views  be  admitted  as  probable,  it  will  not  be  difficult  to  con- 
ceive how  the  direction  of  this  motion  of  caloric  by  induction  may  be 
changed  by  the  interposition  of  mirrors.  There  can  be  little  doubt, 
that  caloric  constitutes  a  medium  which  pervades  all  space,  and  that 
rows  of  calorific  particles  in  right  lines  must  exist  in'  every  conceiva- 
ble direction.  In  the  experiment  dted  in  the  text,  the  ice  in  the 
focus  of  one  mirror  produces,  by  induction,  a  deficiency  of  caloric 
in  its  surface ;  a  number  of  pre-existing  rays  are  drawn  into  the  ice, 
which  are  continuous  with  an  equal  number,  parallel  with  the  axis 
of  the  mirror.  Let  it  be  supposed  that  a  particular  row  of  particles  is 
put  in  motion  by  induction,  it  is  clear  that  a  deficiency  of  caloric  will 
be  the  consequence  at  some  points  on  the  surface  of  the  mirror.  This 
cannot  be  supplied  by  the  mirror  itself,  and  hence  it  will  be  made  up 
by  the  first  particle  in  the  continuous  parallel  row.  This  produces  an 
induction  in  the  parallel  row,  which  results  in  creating  a  deficiency  of 
caloric  in  some  point  of  the  surface  of  the  second  mirror.  Finally,  a 
similar  induction  of  caloric  is  created  in  the  corresponding  row  of  par- 
ticles, leading  to  the  focus  of  the  second  mirror  where  the  thermome- 
ter is  placed,  vrhich  necessarily  indicates  a  reduction  of  temperature. 
In  this  way  we  think  the  experiment  of  the  radiation  of  cold  may  be 
explained,  without  the  aid  of  M.  Prevost's  theory,  which  we  conceive, 
on  the  whole,  to  be  less  simple  than  M.  Fictet's  views.  B. 
•  Wells  on  Dew. 
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emitted  by  the  substances  on  the  surface  of  the  earth  are  dispersed 
through  free  space  and  lost ;  nothing  is  present  in  the  atmosphere  to 
exchange  rays  with  them,  and  their  temperature  consequently  dimin- 
ishes. If,  on  the  contrary,  the  weather  is  cloudy,  the  radiant  caloric 
proceeding  from  the  earth  is  intercepted  by  the  clouds,  an  inter- 
change is  established,  and  the  ground  retains  nearly,  if  not  quite,  the 
same  temperature  as  the  adjacent  portions  of  air. 

All  the  facts  hitherto  observed  concerning  the  formation  of  dew, 
tend  to  confirm  this  explanation.  It  is  found  that  dew  is  deposited 
sparingly  or  not  at  all  in  cloudy  weather ;  that  all  circumstances  whi^b 
promote  free  radiation  are  favourable  to  the  formation  of  dew;  that 
good  radiators  of  caloric,  such  as  grass,  wood,  the  leaves  of  plants, 
and  filamentous  substances  in  general,  reduce  their  temperature,  io 
favourable  states  of  the  weather,  to  an  extent  often,  twelve,  or  even 
fiReeD  degrees  below  that  of  the  circumambient  air ;  and  that  while 
these  are  drenched  with  dew,  pieces  of  polished  metal,  smooth 
stones,  and  other  imperfect  radiators,  are  barely  moistened,  and  are 
nearly  as  warm  as  the  air  in  their  vicinity. 

On  the  Cooling  of  Bodies,  f 

It  appears  from  the  preceding  remarks  on  the  passage  of  caloric^ 
that  the  cooling  of  bodies  takes  place  by  two  very  different  methods. 
When  a  hot  body  is  enveloped  in  solid  substances,  its  caloric  is  with- 
drawn solely  by  means  of  communication,  and  the  rapidity  of  cooling 
is  dependent  on  the  conducting  power.  The  refrigeration  is  effected 
in  a  similar  manner  when  the  heated  body  is  immersed  in  a  liquid ;  but 
the  rapidky  of  cooling  depends  partly  on  the  conducting  power  of  the 
liquid,  and  partly  on  the  mobility  of  its  particles.  In  elastic  fluids  the 
cooling  takes  place  both  by  communication  and  radiation ;  and  in  a 
Tacuum  it  is  produced  solely  by  radiation* 

The  first  attempt  to  fix  the  rate  of  cooling  was  by  Newton.  He 
conceived  that  a  hot  body  exposed  to  a  uniform'cause  of  refrigeration, 
as  by  exposure  to  the  air,  loses  at  each  instant  a  quantity  of  caloric 
which  always  bears  the  same  proportion  to  its  excess.  Thus  if  a  hot 
body  is  deprived  of  1-lOlh  of  its  excess  of  caloric  in  one  second,  it 
should  lose  1-lOth  of  the  remaining  9-lOths,  or  9-lOOths  in  the  next 
second,  and  in  the  third  second  it  will  lose  1-lOth  of  the  remaining 
81-lOOths,  or  Sl-lOOOlhs,  &c.  In  this  way  the  following  series  of 
numbers  may  be  obtained,  expressing  the  proportion  of  the  excess  of 
caloric  lost  in  equal  intervals  of  time : — 

1000        900         810         729         656       590-5      581-6 

10,000'  10,000'  10,000'  10,000'  10,000'  10,000'  10,000, 
and  the  excess  remaining  after  each  interval  is, 
9000       8100       7290       6560       5905      5816 
10,000'  10,000'  10,000'  10,000'  10,000  10,000'    ®*^* 

It  is  obvious  that  the  numerators  of  these  fractions  constitute  a  geome- 
trical series,  of  which  1111  is  the  ratio;  for  6316x1. 1 11=5906, 5316 
Xllll*=6569,  6316xini3=x7286,  &c.  Hence  it  was  inferred 
by  Newton,  that  while  the  times  of  cooling  are  in  arithmetical  pro- 
gression, the  refrigeration  proceeds  according  to  a  geometrical  pro- 
gression. 

This  subject  has  been  experimentally  investigated  with  remarkable 
ingenuity  and  success  by  MM.  Dulong  and  Petit.  (An.  de  Ch.  et 
Ph.  vit.  225.)    They  have  demonstrated  that  Newton's  law  of  refrige- 
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ratioa  may  be  adopted  when  the  tempertture  if  ioconsiderable ;  but 
that  when  a  body  coola  through  an  extensive  range  of  temperature,  aa 
when  the  excess  of  caloric  is  ereat,  the  law  is  then  found  to  be  er- 
roneous.  They  have  examined  with  consummate  skill  the  various 
circumstances  by  which  the  cooling  of  a  hot  body  in  vacuo,  or  when 
surrounded  by  an  elastic  fluid,  is  influenced ;  but  their  inquiry  is  too 
mathematical  and  abstruse  for  the  purposes  of  an  elementary  treatise. 

Effects  of  Caloric. 

The  phenomena  that  may  be  ascribed  to  the  agency  of  calorie,  and 
which  may  therefore  be  enumerated  as  its  eflrects,  are  numerous. 
With  respect  to  animals,  it  is  the  cause  of  the  feelings  of  cold,  agree- 
able warmth,  and  burning,  according  to  its  intensity.  It  excites  the 
system  powerfully,  and  without  a  certain  degree  of  it  the  vital  actions 
would  entirely  cease.  Over  the  vegetable  worid  its  influence  is  ob- 
vious to  every  eye.  By  its  stimulus  co-operating  with  air  and 
moisture,  the  seed  bursts  its  envelope  and  yields  a  new  plant,  the 
buds  open,  the  leaves  expand,  and  the  fruit  arrives  at  maturity. 
With  the  declining  temperature  of  the  seasons,  the  circulation  of  the 
sap  ceases,  and  the  plant  remains  torpid  till  it  is  again  excited  by  the 
stimulus  of  caloric. 

The  dimensions  of  every  kind  of  matter  are  regulated  by  this  princi- 
ple. Its  increase,  with  few  exceptions,  separates  the  particles  of 
bodies  to  a  greater  distance  from  one  another,  producing  expansion, 
so  that  the  same  quantity  of  matter  is  thus  made  to  occupy  a  larger 
space ;  and  the  diminution  of  caloric  has  an  opposite  effect.  Were 
the  repulsion  occasioned  by  this  agent  to  cease  entirely,  the  atoms  of 
bodies  would  come  into  absolute  contact. 

The  form  of  bodies  is  dependent  on  caloric.  By  its  increase  solids 
are  converted  into  liquids,  and  liquids  are  dissipated  in  vapour  ;i)y  its 
decrease  vapours  are  condensed  into  liquids,  and  these  become  solid. 
Did  matter  cease  to  be  under  the  influence  of  caloric,  all  liquids,  va- 
pours, and  doubtless  even  gases,  would  become  permanently  solid ; 
and  all  motion  on  the  surface  of  the  earth  would  be  arrested. 

When  caloric  is  accumulated  to  a  certain  extent  in  bodies,  they 
shine  or  become  incandescent.  On  this  important  property  depend 
all  our  methods  of  artificial  illumination. 

Caloric  exerts  a  powerful  influence  over  chemical  phenomena. 
There  is,  indeed,  scarcely  any  chemictfl  action  which  is  not  in  some 
degree  modified  by  this  principle ;  and  hence  a  knowledge  of  the  laws 
of  caloric  is  indispensable  to  the  chemist.  By  its  means,  bodies  pre- 
viously separate  are  made  to  combine,  and  the  elements  of  compounds 
disunited.  An  undue  proportion  of  it  is  destructive  to  all  organic  and 
many  mineral  compounds ;  and  it  is  essentially  concerned  in  combus- 
tion, a  process  so  necessary  to  the  wants  and  comforts  of  man. 

Of  the  various  effects  of  caloric  above  enumerated,  several  will  be 
discussed  in  other  parts  of  the  worlc.  In  this  place  It  is  proposed  to 
treat  only  of  the  influence  of  caloric  over  the  dimensions  and  form  of 
bodies  ;  and  this  subject  will  be  conveniently  studied  under  the  three 
heads  of  expansion,  liquefaction,  and  vaporization. 

Expansion. 

•One  of  the  most  remarkable  properties  of  caloric  is  the  repulsion  which 
C2     ' 
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exiBts  among;  iti  particles)  hence  it  happens,  that  when  this  principle 
enters  into  a  body,  its  first  effect  is  to  remove  the  integrant  molecules 
of  the  aubstance  to^a  greater  distance  from  one  another.  The  body 
therefore  becomes  less  compact  than  before,  occupies  a  greater  space, 
oiV  in.  other  words,  expands.  Now  this  effect  of  caloric  is  manifestly 
ift  opposition  to  cohesion— ^that  force  which  tends  to  approximate  the 
pacticles  of  matter,,  and  which  must  be  overcome  before  any  expansion 
can  ensue.  It  may  be  expected,  therefore,  that  a  small  addition  of 
caloric  will  occasion  a  small  expaosioo,  and  a  greater  addition  ^f 
caloric  a  greater  expensioo ;  because  in  the  last  case,  the  cohesion  will 
be  more  overcome  than  in  the  former.  It  may  be  anticipated,  also, 
that  whenever  caloric  passes  out  of  a  body,  the  cohesion  being  now 
left  to  act  freely,  a  contraction  will  necessarily  follow ;  so  that  expan- 
sion is  only  a  transient  effect,  occasioned  solely  by  the  accumulation 
of  caloric  It  follows,  moreover,  from  this  view,  that  caloric  must 
produce  the  greatest  expansion  in  those  bodies,  whose  cohesive  power 
is  least ;  and  the  inference  is  fully  justified  by  observation.  Thus  the 
force  of  cohesion  is  greatest  in  solids,  less  in  liquids,  and  least  of  all 
in  aeriform  substances ;  the  expansion  of  solids  is  trifling,  that  of 
liquids  much  more  considerable,  and  that  of  elastic  fluids  far  greater. 

It  may  be  laid  down  as  a  rule,  the  reason  of  which  is  now  obvious, 
that  all  bodies  are  expanded  by  caloric,  and  that  the  expansion  of  the 
samto  body  increases  with  the  quantity  of  calpric  which  enters  it. 
But  this  law  is  a  general  one,  only  so  long  as  the  body  under  exami- 
nation suffers  no  change  in  form  or  composition.  If  the  caloric  should 
produce  one  or  both  of  these  effects,  then  the  reverse  of  expansion 
may  ensue ;  not,  however,  as  the  direct  consequence  of  an  augmented 
temperature,  but  as  the  result  of  a  change  in  form  or  composition. 

In  proof  of  the  expansion  of  solids,  we  need  only  talce  the  exact 
dimensions  in  length,  breadth,  and  thickness  of  any  substance  when 
cold,  and  measure  it  again  while  strongly  heated,  when  it  will  be 
found  to  have  increased  in  every  direction.  A  familiar  demonstration 
of  the  fact  may  be  afforded  by  adapting  a  ring  to  an  iron  rod,  the  for* 
mer  being  just  large  enough  to  permit  the  latter  to  pass  through  it 
while  cold.  The  rod  is  next  heated,  and  will  then  no  longer  pass 
through  the  ring.  This  dilatation  'from  heat  and  consequent  contrac- 
tion in  cooling  takes  place  with -a  force  which  appears  to  be  irre- 
sistible. 

The  expansion  of  solids  has  engaged  the  attention  of  several  expe- 
rimenters, whose  efforts  have  been  chiefly  directed  towards  ascertain- 
ing the  exact  quantity  by  which  different  substances  are  lengthened 
by  a  given  increase  of  heat,  and  determining  whether  or  not  their  ex- 
pansion is  equable  at  different  temperatures.  The  Philosophical 
Transactions  of  London  contain  various  dissertations  on  the  subject 
by  £llicot,  Smeaton,  Troughton,  and  General  Roy ;  and  M.  Biot  in 
bis  Traiti  de  Physique,  has  given  the  results  of  experiments  perform- 
ed with  great  care  by  Lavoisier  and  Laplace.  Their  experiments 
establish  the  following  points :  1.  Different  solids  do  not  expand  to 
(he  same  degree  from  equal  additions  of  caloric.  2.  A  body  which  has 
been  heated  from  the  temperature  of  freezing  to  that  of  boiling  water, 
and  again  allowed  to  cool  to  32°  F.  recovers  precisely  the  same  vo- 
lume which  it  possessed  at  first.  S.  The  dilatation  of  the  more  per- 
manent or  infusible  solids  is  very  uniform  within  certain  limits  ;  their 
expansion,  for  example,  from  the  freezing  point  of  water  to  122°  F.  Is 
equal  to  what  takes  place  betwixt  122''  and  212^  The  subsequent 
researches  of  Dulong  and  Petit,  (Annales  de  Ch.  et  de  Ph.  vol.  vli.) 
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proTO  that  solids  do  not  dilate  uniformly  at  high  temperatures,  but  ex- 

?Jnd2?^V°fhf''"^™'iS'  '**"'  *'?***?  higher  the  temperature  be- 
jond  £12^  F.  the  greater  the  expansion  for  equal  additions  of  calorie. 
Ills  manifest,  indeed,  from  their  experiments,  that  the  rate  of  expan- 
sion IS  an  increasing  one  even  between  32»  and  212»;  but  the 
differences  which  exist  within  (his  small  range  are  so  inconsiderable 
^*^.®»«»Pe  observaUon,  and  therefore  for  aU  practical  purposes  may 

The  subjoined  table  includes  the  most  ioteresUng  results  of  Lavoi- 
iier  and  Laplace.     ( Biot,  vol.  i.  p.  168.) 

/fames  of  Suhatanees, 

Glass  tube  without  lead,  a  mean  of  three 

specimens  .... 

English  flint  glass     . 
Copper  ,         .        .        . 

Brass — mean  of  two  specimens 
Soft  iron  forged     .     -   . 
Iron  wire  .... 

Untempered  steel  .        .    *    , 

Tempered  steel 

ij*d 

Tin  of  India      .... 
TinofFalnaouth   .... 
Silver       .         .     *  . 
Gold— mean  of  three  specimens    . 
Platinum,  determined  by  Borda 

d*^"°'^*°f^  *l*e  elongation  of  any  substance  for  a  given  number  of 
bi^**K      '^®  thermometer,  it  is  easy  to  calculate  its  total  increase  in 

uiK,  by  trebling  the  number  which  expresses  its  increase  in  length, 
inus  If  a  tube  of  flint  glass  elongates  by  1-1248,  when  heated  from 

ae  ireezmg  to  the  boiling  point  of  water,  its  cubic  space  will  have 
mcreased  by  3-1248  or  1-416  of  its  former  capacity. 
m.i  1  ®*P*n«»on  of  glass,  iron,  copper  and  platinum,  has  been  parti- 
caiariy  investigated  by  MM.  Dulong  and  Petit.  The  following  table 
coDtains  the  result  of  their  observations  on  glass.  (An  de  Ch.  et  Ph. 
ju-  138.)  It  appears  from  the  third  column  that  at  temperatures 
o«yond  212°  glass  expands  in  a  greater  ratio  than  mercury. 


Slongation  when  heated 
fiom  32  to  2li\ 

1-H 16  of  its  length. 
.      1-1248 

1-681 
.      1-633 

l-81d 
.      1-812 

1-937 
.      1-807 

1-961 
.       1-616 

1-462 
.       1-624 

1-603 
.       1-1167 


^^mperature  by 

Mean  Absolute  Di- 

Temperature by 

an  air  Thermo- 

latation  of  glass  for 

a  Thermometer 

meter. 

each  degree. 

made  of  glass. 

Fahr. 

Fahr. 

Fahr. 

From  32'*  to  212° 

1-69660. 

212 

32  to  392 

1-65340 

415.8 

32  to  572 

1-59220 

667.2 

The  second,  fourth  and  sixth  columns  of  the  following  table  show 
|ne  mean  total  expansion. of  iron,  copper  and  platinum,  when  heated 
worn  32"  to  212°  and  from  32°  to  672%  for  each  degree.  The  third, 
f^^H)  and  seventh  columns  indicate  the  degrees  on  a  thermometer  of 
iroD,  copper  and  platinum,  corresponding  to  a  temperature  of  672°  on 
^  air  thermometer.  It  is  obvious  that  platinum  is  much  more  uni- 
mvn'ui  its  expansioa  thaa  either  of  the  other  metals. 
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Fahr. 
212° 
672° 


Fahr. 
1-60760 
1-40678 


*  *•  IS 

Hi 


5  a.      & 


Fahr. 
212° 

702.6 


Fahr. 
1-34920 
1-31860 


^  The  simplest  method  of  proving  the  expansion  of  liquids  is  by  put- 
ting a  common  thermometer,  made  with  mercury  or  alcohol,  into  warm 
water,  when  the  dilatation  of  the  liquid  will  be  shown  by  its  ascent  in 
the  stem.  The  experiment  is  indeed  illustrative  of  two  other  facts. 
It  proves,  first,  that  the  dilatation  increases  with  the  temperature  ;  for 
if  the  thermometer  is  plunged  into  several  portions  of  water  heated  to 
different  degrees,  the  ascent  will  be  greatest  in  the  hottest  water,  and 
least  in  the  coolest  portions.  It  demonstrates,  secondly,  that  liquids 
expand  more  than  solids.  •  The  glass  bulb  of  the  thermometer  is  itself 
expanded  by  the  hot  water,  and  therefore  is  enabled  to  contain  more 
mercury  than  before ;  but  the  mercury  being  dilated  to  a  much  ereater 
extent,  not  only  occupies  the  additional  space  in  the  bulb,  but  likewise 
rises  in  the  stem.  Its  ascent  marks  the  difference  between  its  own 
dilatation  and  that  of  the  glass,  and  is  only  the  apparent,  not.the  actual 
expansion  of  the  liquid.  • 

Different  liquids  do  not  expand  to  the  same  degree  from  an  equal 
increase  of  temperature.-  Alcohol  expands  much  more  than  water, 
and  water  than  mercury.  From  the  frequency  with  which  the  latter 
is  employed  in  philosophical  experiments,  it  is  important  to  know  the 
exact  amount  of  its  expansion.  This  subject  has  been  investigated  by 
several  Philosophers,  but  the  experiments  of  Lavoisier  and  Laplace, 
and  especially  of  Dulong  and  Petit,  from  the  extreme  care  with  which 
they  were  made,  are  entitled  to  the  greatest  confidence.  According 
to  the  former  the  actual  dilatation  of  mercury,  in  passing  from  the 
freezing  to  the  boiling  point  of  water,  amounts  to  100-6412  of  its  vo- 
lume, but  the  result  obtained  by  Dulong  and  Petit,  who  found  i| 
100-5550,  Is  probably  still  nearer  the  triith.  Adopting  the  last  esti- 
mate, this  metal  dilates,  for  every  degree  of  Fahrenheit's  thermometer, 
1-9990  ofthe  bulk  which  it  occupied  at  the  temperature  of  32*'.  If 
the  barometer,  for  instance,  stands  at  30  inches  when  the  thermome- 
ter is  at  32°,  we  may  calculate  what  its  elevation  ought  to  be  when 
the  latter  is  at  60°,  or  at  any  other  temperature*.    The  apparent  ex- 


*  The  general  formula  is  as  follows :  Let  H  be  the  height  of  the 
barometer  when  the  thermometer  is  at  32°  F. ;  H'  its  elevation  at  any 
temperature  above  32°,  and  let  T  express  the  number  of  degrees  of 

Fahr.  therm,  above  that  point.    Then  H'=:H.  /^l-t---— \  ;    henpe 

\       9990 y 

^=1+-^;  H'  9990=H  (9990-t-T) ;  and  H'=H  22??±I ;  or 
H  9990  ^  9990 

H'  9990 
i/  H  is  unknown,  it  may  be  calculated  by  the  formula  H?- 


>  +  T- 
For  H  and  T  in  the  first  formula  substitute  their  value,  as  stated  in  the 

.£2??±^==300S4.    Th« 
9990 


*exU  and  perform  the  calculation.    H's 
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pahsion  of  mercaiy  contained  in  £lu«  is  of  course  less  than  the  abao- 
lute  expansion.  Between  the  liinits  or32°  and  21^  F.  Lavoisier  and 
Laplace  estimate  the  apparent  expansion  at  1-63,  and  Dulong  and 
Petit  at  1-64.8  of  its  volume*  being  1-11664  for  each  degree  of  Fah- 
renheit's thermooieter.  Dulong  and  Petit  state  that  the  mean  total 
expansion  of  mercury  from  32*^  to  572°  F.  for  each  degree  is  1-9540; 
and  (hat  the  mean  apparent  expansion  in  glass  from  82°  to  572°  F.  for 
evefy  degree,  is  1-11372.  The  temperature  in  their  experimeots  waa 
estimated  by  an  air  thermometer,  which  they  consider  more  uniform 
in  its  rate  of  expansion  than  one  of  mercury.  The  temperature  of 
572"  F.  on  the  air  thermometer  corresponds  to  586°  in  the  mercurial 
one. 

All  experimenters  agree  that  liquids  expand  in  an  increasing  ratio,  or 
that  equal  increments  of  caloric  cause  a  greater  dilatation  at  high  tbaa 
ti  low  temperatures.  Thus,  if  a  fluid  is  heated  from  32°  to  122°  it  will 
Dot  expand  so  much  as  it  would  do  in  being  heated  from  122°  to  212°, 
though  an  equal  number  of  degrees  is  added  in  both  cases.  In  roer* 
cury  the  first  expansion,  according  to  Deluc,  is  to  the  second  as  14  to 
15;  in  olive  oil  as  13-4  to  15  ;  in  alcohol  aa  10*9  to  15 ;  and  in  pure 
water  as  4*7  to  15.  Attempts  have  been  made  to  discover  a  general 
law  bv  which  this  progression  is  regulated,  and  Mr  Dalton  conceives 
diat  the  expansion  observes  the  ratio  of  the  square  of  the  temperature 
estimated  from  the  point  of  congelation,  or  of  greatest  density ;  but 
this  opinion  is  merely  hypothetical,  and  has  been  shown  by  Du1od|{ 
and  Petit  to  be  inconsistent  with  the  facts  established  by  their  expeii* 
ments. 

There  is  a  peculiarity  in  the  effect  of  caloric  i^pon  the  bulk  of  some 
fluids ;  namely,  that  at  a  certain  temperature  an  increase  of  heat  caus- 
es them  to  contract,  and  its  diminution  makes  them  expand.  This 
singular  exception  to  the  genera]  effect  of  caloric  is  only  observable  ia 
those  liquids  which  acquire  an  increase  of  bulic  in  passing  from  the  li- 
quid to  tlie  solid  state,  and  is  remarked  only  within  a  few  degrees  of  tem- 
perature above  thei^K)int  of  congelation.  Water  is  a  noted  example 
of  it.  Ioe>  as  every  one  knows,  swims  upon  the  surface  of  water,  and 
therefore  must  be  lighter  than  it,  which  is  a  convincing  proof  that  wa- 
ter, at  the  moment  of  freezing,  must  expand.  The  increase  is  es- 
timated by  Boyle  at  about  l-9th  of  its  volume.  (Experiments  oo 
cold.) 

The  most  remarkable  circumstance  attending  this  expansion,  is  the 
prodigious  force  with  which  it  is  effected.  Mr  Bo^le  filled  a  brass 
tube,  three  inches  in  diameter,  with  water,  and  connned  it  by  means 
of  a  moveable  plug ;  the  expansion,  when  it  froze,  took  place  with  such 
vioIeiK^e  as  to  push  out  the  plug,  though  preserved  in  its  situation  by 
a  weight  equal  to  74  pounds.  The  Florentine  Academicians  burst  a 
hollow  brass  globe,  whose  cavity  was  only  an  inch  in  diameter,  by 
freezing  the  water  with  which  it  was  filled;  and  it  has  been  estimated 
that  the  expansive  power  necessary  to  produce  such  an  effect  was 
equal  to  a  pressure  of  27,720  pounds  weight.  Major  Williams  gave 
ample  confirmation  of  the  same  fact  by  some  experiments  which  he 
performed  at  Quebec  in  the  years  1784  and  1785.  (Philosophical  Transi* 
actions  of  Ed.  ii.  28  ) 

rate  of  actual  and  not  apparent  expansion  is  employed  in  this  calcula- 
tion, because  the  length  of  the  mercurial  column,  being  determined  by 
the  atmospheric  pressure,  is  not  affected  by  the  expansion  or  contrac- 
tion of  the  tube. 
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Bat  it  is  not  merely  during  the  act  of  congelation  that  water  es- 
pands ;  for  it  begins  to  dilate  considerably  before  it  actually  freezes. 
Dr  Croune  noticed  this  phenomenon  so  early  as  the  year  1683,  and  it 
has  since  been  observed  by  various  philosophers.  It  may  be  rendered 
obvious  to  siny  one  by  the  following  experiment.  Fill  a  flask,  capa- 
ble of  holding  three  or  four  ounces,  with  water  at  the  temperature  of 
60°  F.  and  adapt  to  it  a  cork,  through  which  passes  a  glass  tube  open 
at  both  ends,  about  the  eighth  of  an  inch  wide,  and  ten  inches  long. 
After  having  filled  the  flask,  insert  the  cork  and  tube,  and  pour  a  little 
water  into  the  latter  till  the  liquid  rises  to  the  middle  of  it.  On  im- 
mersing the  flask  into  a  mixture  of  pounded  ice  and  salt,  the  w%ter  will 
fall  in  the  tube,  marking  contraction ;  but  in  a  short  time  an  opposite 
movement  will  be  perceived,  indicating  that  dilatation  is  taking  place, 
while  the  water  within  the  flask  is  at  the  same  time  yielding  caloric  to 
the  freezing  mixture  in  which  it  is  immersed. 

To  the  inference  deduced  from  this  experiment  it  was  objected  by 
some  philosophers,  that  the  ascent  of  the  water  in  the  tube  did  not 
arise  from  any  expansion  in  the  liquid  itself,  but  from  a  contraction  of 
the  flask,  by  which  its  capacity  was  diminished.  In  fact,  this  cause 
does  operate  to  a  certain  extent,  but  is  by  no  means  sufficient  to  ac- 
count for  the  whole  effect ;  and,  accordingly,  it  has  been  proved  by 
an  elegant  and  decisive  experiment  of  Dr  Hope,  that  water  does  really 
expand  previous  to  congelation*.  He  believes  the  greatest  density  of 
water  to  be  between  thirty-nine  and  a  half  and  forty  degrees  of  Fahr- 
enheit's thermometer;  that  is,  boiling  water  obeys  the  usual  law  till 
it  has  cooled  to  the  temperature  of  about  40°  F.  after  which  the  ab- 
straction of  caloric  produces  an  increase  instead  of  a  diminution  of  vol- 
ume. According  to  M.  Hallstrom,  whose  experiments  are  the  most 
recent)  and  appear  to  have  been  conducted  with  great  care,  the  maxi- 
mum density  of  water  is  39°.39  F.    (An.  de  Ch.  et  Ph.  xxviii.  90.) 

The  cause  of  the  expansion  of  water  at  the  moment  of  freezing  is  at- 
tributed to  a  new  and  peculiar  arrangement  of  iUuparticles.  Ice  is  in 
reality  crystallized  water,  and  during  its  formaflfRhe  particles  arrange 
themselves  in  ranks  and  lines,  which  cross  eyeh  other  at  angles  of  60° 
and  120°,  and  consequently  occupy  more  space  than  when* liquid. 

This  may  be  seen  by  examining  the  surface  of  water  while  freezing 
in  a  saucer.  No  very  satisfactory  reason  can  be  assigned  for  the  ex- 
pansion which  takes  place  previous  to  congelation.  It  is  supposed,  in- 
deed, that  the  water  begins  to  arrange  itself  in  the  order  it  will  assume 
in  the  solid  state  before  actually  laying  aside  the  liquid  form  ;  and  this 
explanation  is  generally  admitted,  not  so  much  because  it  has  been 
proved  to  be  true,  but  because  no  better  one  has  .been  offered. 

Water  is  not  the  only  liquid  which  expands  under  reduction  of 
temperature,  as  it  is  observed  in  a  few  others  which  assume  a  highly 
crystalline  structure  on  becoming  solid; — fused  iron, antimony,  zinc, 
and  bismuth,  are  examples  of  it.'  Mercury  is  a  remarkable  instance 
of  the  reverse ;  for  when  it  freezes,  it  suffers  a  very  great  contraction. 

As  the  particles  of  air  and  aeriform  substances  are  not  held  together  by 
cohesion,  it  follows  that  increase  of  temperature  must  occasion  a  consi- 
derable dilatation  of  them  ;  and,  accordingly,  they  are  found  to  dilate 
from  equal  additions  of  caloric  much  more  than  solids  or  liquids.  Now, 
chemists  are  in  the  habit  of  estiflaating  the  quantity  of  the  gases  em- 
ployed in  their  experiments  by  measuring  them,  and  since  the  volume 
occupied  by  any  gas  is  so  much  influenced  by  temperature,  it  is  es- 
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Kfitial  to  accuracy  that  a  due  correction  be  made  for  the  variatioas 
tkiising  from  this  cause  ;  that  they  should  know  how  much  dilatation 
is  produced  by  each  degree  of  the  thermometer,  whether  the  rate  of 
mansion  is  uniform  at  all  temperatures,  and  whether  that  ratio  it  the 
same  in  all  gases. 

This  subject  had  been  unsuccessfully  investigated  by  several  philo<- 
sophers,  who  failed  in  their  object  chiefly  because  they  neglected  the 
precaution  of  drying  the  gases  upon  which  they  operated ;  but  at  last 
the  law  of  dilatation  was  detected  by  Dalton  and  Gay-Lussac  nearly 
at  the  same  time.  MrDalton's  method  of  operating  (Manchester 
Memoirs*  vol.  v.)  was  exceedingly  simple.  He  filled  with  dry  mer- 
cury a  graduated  tube,  closed  at  one  end  and  carefully  dried ;  and  then 
plunging  the  open  end  of  the  tube  into  a  mercurial  trough,  introduc- 
ed a  portion  of  dry  air.  After  having  marked  the  bulk  and  tempera- 
ture of  the  air,  he  exposed  it  to  a  gradually  increasing  heat,  the  exact 
amount  of  which  was  regulated  by  a  thermometer,  and  observed  tha 
dilatation  occasioned  by  each  increase  of  temperature.  The  apparatus 
of  M.  Gay-Lussac  (An.  de  Chimie,  v.  43.)  was  the  same  in  principle, 
bat  more  complicated,  in  consequence  of  the  precautions  be  took  to 
avoid  every  possible  source  of  fiillacy. 

It  is  proved  by  the  researches  of  these  philosophers,  that  all  gases 
undergo  equal  expansions  by  the  same  addition  of  caloric,  supposing 
them  placed  under  the  same^circumstances ;  so  that  it  is  sufficient  to 
ascertain  the  law  of  expansion  observed  by  any  one  gas,  in  order  to 
know  the  law  for  all.  Now  it  appears  from  the  experiments  of  Gay- 
Lussac,  that  100  parts  of  air  in  being  heated  from  32**  to  21 2**  F.  ex- 
pand to  187-5  parts.  The  increase  for  180  degrees  is  therefore  0'S76 
or37*6-100th  of  its  bulk  ;  and  by  dividing  this  number  bv  180,  it  is 
found  that  a  given  quantity  of  dry  air  dilates  to  1  •480th  of  the  volume 
it  occupied  at  32^  for  every  degree  of  Fahrenheit's  'thermometer. 
The  result  of  Dalton's  experiments  corresponds  very  nearly  with  the 
foregoing. 

This  point  being  established,  it  is  easy  to  ascertain  what  volume 
any  given  quantity  of  gas  should  occupy  at  any  given  temperature. 
Suppose  a  certain  portion  of  gas  occupies  20  measures  of  a  graduated 
tube  at  32^,  it  may  be  desirable  to  determine  what  would  be  its  bulk 
at  43P  F.  For  every  degree  of  heat  it  has  increased  by  1.480th  of  its 
original  volume,  and  therefore,  since  the  increase  amounts  to  tea 
degrees,  the  20  measures  will  have  dilated  by  10.480tb8.  The  ex- 
pression will  therefore  be  20+20x10-480=20*416.  It  must  not  be 
forgotten  that  the  volume  which  the  gas  occupies  at  32°  is  a  neces- 
sary element  in  all  such  calculations.  Thus,  having  20*416  measures 
of  gas  at  42^  F.  the  corresponding  bulk  for  $2°  F.  cannot  be  calculated 
by  the  formula  20*416-f-20*416x  10-480;  the  real  expression  is 
20.416+20x10-480 ;  because  the  increase  is  only  I0-4S0ths  of  the 
space  occupied  at  32**  F.  which  is  20  measures.*    A  similar  remark 

*  Very  convenient  general  formule  for  such  calculations  may  be 
thus  deduced  :  let  F  be  the  volume  of  gas  at  any  temperature  above 
32°,  T  the  number  of  degrees  above  that  point,  and  P  its  volume  at 

32^      Then,  F  =  (l  +^) ;  hence  ^  ^  1  +  ^;  F  480=. 

P  (480  +T);  and  FsbP  (f?S±I) 
^  80 

F480 
Or  if  P  is  unknown,  it  may  be  calculated  by  the  formula  P  — -^go+T* 
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Applies  to  the  formula  for  estimating  the  effect  of  heat  on  the  height  ^^^ 
of  the  barometer.  "' 


■)IM 


It  frequently  happens,  in  the  employment  of  Fahrenheit's  thermo- 
meter, that  when  P'  for  the  above  formula  is  known,  it' is  not  P  itself 
which  is  wanted,  but  the  volume  of  gas  at  some  other  temperature,  as 
at  60**  F.  This  value  may  be  obtained  without  first  calculating  what 
P  is.  Let  F,  for  instance,  be  any  known  quantity  of  gas  at  a  certain 
temperature ;  and  let  V"  be  the  quantity  sought  at  some  other  tempera- 
ture, the  degrees  of  which  above  32°  may  be  expressed  by  T.    Now 

•pf       (^^'^"'^)  xP;  but  as  P  is  unknown,  list  its  value  be  sabsti- 
480 

tuted  according  to  the  above  formula.     Thus,  P"  sa  f^^^    W 

V    480    -^ 

rZi?iV    which   gives    p>^    4802F  +  480  7VP-        PUgg 
V  4804-T  y  ®  4802+  480  T  480 

(480+r)^F(480+r), 

(480 -hT)  480-HT 

Suppose,  for  example,  a  portion  of  gas  occupies  100  divisions  of  a 
graduated  tube  at  48"  F,  how  many  will  it  fill  at  60**  F  ?  Here  F  =s 
100 ;  T  sa  48—32  or  16  ;  T'  »  90—32,  or  28.    The  number  sought, 

ortheP''«H2<52L=102.42^. 
496 

*  To  those  who  are  not  algebraists,  the  following  explanation  and 
calculation  may  be  useful.  As  every  gas  expands  l-480th  of  the 
volume  it  would  occupy  at  32°,  for  every  degree  of  Fahrenheit's  ther- 
mometer, it  is  clear  that  it  will  expand  l-481st  part  of  its  volume  at 
33*,  l-4S2nd  part  of  its  volume  at  34°,  and  so  on  for  each  successive 
addition  of  one  degree  of  caloric.  In  order  to  know,  therefore,  the 
fractional  dilatation  of  a  gas  at  any  temperature  above  32°,  for  a  sin- 
gle degree,  it  is  only  necessary  to  add  to  the  numerator  of  the  fraction 
1-480,  a  number  of  units  equal  to  the  number  of  degrees  that  the 
gas  exceeds  the  temperature  of  32°.  Thus  a  gas  at  the  temperature 
of  42^  will  expand  l-490th,  at  52°  1-500,  of  its  volume,  by  every  in- 
crement of  heat  equal  to  one  degree.  Knowing  in  this  simple  man- 
ner the  fractional  amount  of  expansion  of  a  gas  at  any  temperature 
for  one  degree,  we  multiply  this  amount  by  the  difference  between 
the  existing  temperature  and  the  temperature  to  which  it  is  desired 
to  reduce  the  volume.  If  the  reduction  is  to  a  higher  temperature, 
,  this  product  is  added  to  the  existing  volume  ;.if  to  a  lower,  subtracted. 
Thus,  to  calculate  the  example  which  Dr  Turner  has  selected,  name-^ 
ly,  100  measures  of  a  gas  at  48%  what  will  b%  its  bulk  at  60°  ?  we 
proceed  as  follows:  as  the  existing  temperature  is  16°  above  32°,  its 
fractional  expansion  for  one  degree  will  be  l-480"f-16  or  1-496.  Tak- 
ing the  496th  part  of  one  hundred,  the  given  volume,  we  have  the 
actual  expansion  for  one  degree.  This,  upon  calculation,  will  be  fotind 
to  be  .2016,  which  multiplied  by  12,  the  difference  between  the  actual 
temperature  and  the  temperature  of  the  volume  sought,  will  give 
2*419,  as  the  actual  expansion,  corresponding  to  12  degrees.  As  the 
temperature  of  4he  volume  sought  is  above  the  original  temperature, 
this  number  must  be  added  to  the  given  volume.  So  that  IOO4- 
2'4192l02-419  will  be  the  volume  sought.     B. 
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Hie  nt»  of  expsnsioii  of  atmosph^rie  air  tt  tenpentawt  •xe«6diii|| 
lir  has  been  examined  by  MM.  Duloog  and  Petit,  and  the  follovring 
Table  contBins  the  result  of  tlieir  obterrationt.  (Jfn.  de  Ch.  et  Ph» 
ii.  120.) 


Temperature  by  the 

Correftpondtftg 

Mercurial  Thermometer. 

volumes  of  a 

gioen  volume 
of  air. 

Fahrenheit. 

Centigrade. 

—  33 

—  86.. 

0.8660 

32 

0.. 

1.0000 

212 

100.. 

1.8760 

802 

160.. 

1.6676 

392 

200.. 

1.7889 

.   482 

260.. 

19189 

572 

800.. 

2.0976 

Mercury  boila  680 

860.. 

2.8126 

Hydrogen  gas  was  found  to  expand  in  (be  same  proportion,  so  that 
tU  gases  Daay  be  inferred  to  expand  to  the  same  extent  for  equal  in* 
elements  of  caloric  between  —93^  F.  and  680'' ;  and  in  all  probability 
the  same  law  pievaiia  at  all  lempeimtures.* 

On  the  Thermom^er. 

The  inflnence  of  caloric  over  tlie  bulk  of  bodies  is  better  6tted  for 
estimating  a  change  in  the  quantity  of  that  agent  tlian  any  other  of  its 
properties ;  for  substances  not  only  expand  more  and  more  as  the 
temperature  increases,  but  return  exactly  to  their  original  volume 
when  the  heat  is  withdrawn.!  The  first  attempt  to  measure  the  in- 
tensity of  heat  on  this  principle  was  made  early  in  the  seventeenth 
century,  and  the  honour  of  the  invention  is  by  some  bestowed  on 
Sanctorius,  by  others  on  Cornelius  Drehel,  and  by  others  on  the  ce- 
lebrated  Galileo.  The  material  used  by  Sanctorius  was  atmospheric 
lir.  The  construction  of  the  thermometer  itself,  or  thermoseope  as  it 
was  sometimes  called,  is  exceedingly  simple.    A  glass  tube  is  to  be 


*  The  law  of  the  equable  expansion  or  contraction  of  gases  by  equal 
increments  or  decrements  of  heat  is  a  very  curious  one,  but  becomes  ' 
particularly  so  when  viewed  in  connection  with  a  descending'tempera- 
ture.  If  gases  expand  or  contract  l-480th  of  the  volume  they  occu- 
py at  the  iireezing  point,  for  every  alteration  of  temperature  equal  to 
one  degree,  it  is  obvious  that  a  given  volume  of  any  gas  at  32°  will  be 
expanded  by  a  volume  equal  to  itself,  by  having  its  temperature  raid- 
ed 480°.  But  the  converse  of  the  proposition  would  seem  to  involve  a 
paradox;  for  by  the  application  of  the  same  law,  a  given  volume  of 
any  gas  at  32**,  if  cooled  down  480%  would  be  contracted  by  a  vol- 
ume equal  to  itself,  that  is,  reduced  to  nothing.     B. 

t  Some  experiments  made  by  Dv  Ure  seem  to  invalidate  the  uni- 
versality of  the  law,  that  bodies  after  being  heated  return  exactly  to 
their  original  volume,  when  the  heat  is  withdrawn.  Dr  Ure,  upon 
making  some  experiments  on  rods  of  zinc,  found  that  they  were  per- 
manently elongated  after  having  been  fir^t  heated  and  then  cooled. 
He  supposes  **  that  the  plates  composing  this  metal,  in  sliding  over  each 
other  by  the  expansive  force  of  heat,  present  such  an  adhesive  friction 
as  to  prevent  their  entire  retraction.*'  I7re*s  Dictionary.  B. 
D 
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selected  for  the  purpose,  and  one  end  of  it  is  blown  out  into  a  spherieaf 
cavity,  while  its  other  extremity  is  left  open.  After  expelling  a  small 
quantity  of  air  by  heating  the  ball  gently,  the  open  end  of  the  tube  i0 
plunged  into  coloured  water,  and  a  portion  of  the  liquid  is  forced  up 
into  the  tube  by  the  pressure  of  the  atmosphere,  as  the  air  within  the 
ball  contracts.  In  this  state  it  marks  changes  of  temperature  with 
extreme  delicacy,  the  alternate  expansion  and  contraction  of  the  con- 
fined air  being  rendered  visible  by  the  corresponding  descent  and 
ascent  of  the  coloured  water  in  the  stem  ;  and  in  point  of  sensibility, 
indeed;  it  yields  to  no  instrumeift.  The  material  used  in  its  construe-' 
tion,  also,  is  peculiarly  appropriate,  because  air,  like  all  gases,  expands 
uniformly  by  equal  increments  of  caloricj;  but,  nevertheless,  indepen- 
dently of  these  advantages,  there  are  two  forcible  obiections  to  the 
employment  of  this  thermometer.  For,  in  the  first  place,  its  dilata- 
tions and  contractions  are  so  great,  that  it  will  be  inconvenient  to 
measure  them  when  the  change  of  temperature  is  considerable ;  and, 
secondly,  its  movements  are  influenced  b^  pressure  as  well  as  by  ca- 
loric, so  that  the  instrument  would  be  afiected  ,by  variations  of  the 
barometer,  though  the  temperature  should  be  quite  stationary. 

For  the  reasons  just  stated,  the  common  air  thermometer  is  rarely 
employed ;  but  a  modification  of  it,  described  in  1804  by  Professor 
Leslie  in  his  Essay  on  Heat,  under  the  name  of  Differential  Thef' 
tnometer,  is  entirely  free  from  the  last  objection,  and  is  admirably  fit- 
ted for  some  special  purposes.  This  instrument  was  invented  a  cen- 
tury and  a  half  ago  by  Sturmius,  Professor  of  Mathematics  at  Altdorff, 
who  has  left  a  description  and  sketch  ofH  in  his  Collegium  Ouriosum, 
p.  54,  published  in  the  year  1676 ;  but 
like  other  air  thermometers  it  had  faUeni^'^ 
into  disuse,  till  it  was  again  brought  inEoL,  J 
notice  by  Professor  Leslie.  As  now  m^ di^^if|P|f 
it  consists  of  two  thin  glass  balls  join- 
ed together  by  a  tube,  bent  twice  at  a 
right  angle,  as  represented  in  the  ann^^- 
ed  figure.  Both  balls  contain  air,  but 
the  greater  part  of  the  tube  is  filled  wiJh 
sulphuric  acid  coloured  with  carmine.'. 
It  is  obvious  that  this  instrument  cannot 
be  affected  by  any  change  of  temperature 
acting  equally  on  both  balls;  for  as  long 
as  the  air.  within  them  expands  or  con- 
tracts to  the  same  extent,  the  pressure  on 
the  opposite  suifaces  of  the  liquid,  and 
consequently  its  position,  will  -continue 
unchanged.  Hence  the  differential  tliur- 
mometer  stands  at  the  same  point,  howev- 
er different  may  be  the  temperature  of  (he 
medium.  But  the  slightest  difference  tu> 
tween  the  temperature  of  the  two  bill:* 
will  instantly  be  detected;  for  the  ela«ii- 
city  of  the  air  on  one  side  being  then 
greater  than  that  on  the  other,  the  liquid 
will  retreat  towards  the  ball  whose  tempe- 
rature is  lowest.  ■       ,  .        r     *u 

Solid  substances  are  not  better  suited  to  the  construction  of  a  ther- 
mometer thari  gases ;  for  while  the  expansion  of  the  latter  is  too  great, 
that  of  the  former  is  so  small  that  it  cannot  be  measured  except  by  the 
adaptation  of  complicated  machinery.  Liquids  which  expand  more 
than  the  one  and  less  than  the  other,  are  exempt  from  both  extremes; 


Caloric.  39 

imd,  conseqaently,  we  must  search  there  for  a  material  with  which  to 
Construct  a  thermometer.  The  principle  of  selection  is  plain.  A  ma- 
terial is  required  whose  expansions  are  uniform,  and  whose  boiling; 
and  freezing  points  are  very  remote  from  one  another.  Mercury  ful- 
fils these  conditions  better  than  any  other  liquid.  No  fluid  can  sup- 
port a  greater  degree  of  heat  without  boiling  than  mercury,  and  none, 
except  alcohol  and  ether,  can  endure  a  more  intense  cold  without 
freezing.  It  has,  besides,  the  additional  advantage  of  being  more 
sensible  to  the  action  of  caloric  than  other  liquids,  while  its  dilatations 
between  82^  and  212^  are  almost  perfectly  uniform.  Strictly  speak- 
ing, the  same  quantity  of  caloric  does  occasion  a  greater  dilatation  at 
high  than  at  low  temperatures,  so  that,  like  other  fluids,  it  expands  in 
an  increasing  ratio.  But  it  is  remarkable  that  this  ratio,  within  the 
limits  assigned,  is  exactly  the  same  as  that  of  glass ;  and  therefore,  if 
contained  in  a  glass  tube,  the  increasing  expansion  of  the  vessel 
compensates  for  that  of  the  mercury. 

The  first  object  in  constructing  a  thermometer  is  to  select  a  tube 
with  a  very  small  bore,  which  is  of  the  same  diameter  through  its 
whole  length ;  and  then,  by  melting  the  glass,  to  blow  a  small  ball  aC 
one  end  of  It.  The  mercury  is  introduced  by  rarefying  the  air  within 
the  ball,  and  then  dipping  the  open  end  of  the  tube  into  that  liquid. 
As  the  air  cools  and  contracts,  the  mercury  is  forced  up,  entering  the 
bulb  to  supply  the  place  of  the  air  which  had  been  expelled  from  it. 
Only  a  part  of  the  air,  however,  is  removed  by  this  means ;  the  re- 
mainder ia  driven  out  by  the  ebullitieu  of  the  mercury. 

Having  thus  contrived  that  the  bulb  and  about  one-third  of  the  tube 
shall  be  full  of  mercury,  the  next  step  is  to  seal  the  open  end  her- 
metically. This  is  done  by  heating  the  bulb  till  the  mercury  rises 
very  near  the  summit,  and  then' suddenly  darting  a  fine  pointed  flame 
from  a  blow-pipe  across  the  opening,  so  as  to  fuse  the  glass  and  close 
the  aperture  before  the  mercury  has  had  time  to  recede  from  it. 

The  construction  of  a  thermometer  is  now  so  far  complete  that  it 
afifbrds  a  means  of  ascertaining  the  comparative  temperature  of  bodies; 
but  it  is  deficient  in  one  essential  point,  namely,  the  observations 
made  with  difiTerent  instruments  cannot  be  compared  together.  To 
effect  this  object,  the  thermometer  must  be  graduated,  a  process 
which  consists  of  two  parts.  The  first  and  most  important,  is  to  ob- 
tain two  fixed  points  which  shall  be  the  same  in  every  thermometer. 
The  practice  now  generally  followed  for  this  purpose  was  introduced 
by  ^  Isaac  Newton,  and  is  founded  en  the  fact,  that  when  a  ther- 
mometer is  plunged  into  Ice  that  is  dissolving,  or  into  water  that  is 
boiling,  it  constantly  stands  at  the  same  elevations  in  all  countries, 
provided  the^e  is  a  certain  conformity  ef  circumstances.  The  point  of 
congelation  is  easHy  determined.  The  instrument  is  to  be  immersed 
in  snow  or  pounded  ice,  which  is  liquefying  in  a  moderately  warm  at- 
mosphere, till  the  mercury  becomes  stationary.  To  fix  the  boiling 
point  is  a  more  delicate  operation,  since  the  temperature  at  which 
water  boils  is  aiTected  by  various  circumstances,  which  will  be  more 
particularly  mentioned  hereafter.  It  is  sufficient  to  state  the  general 
directions  at  present ;— that  the  water  be  perfectly  pure,  free  from  any 
foreign  particles,  and  not  above  an  inch  in  depth, — the  ebullition 
brisk,  and  conducted  in  a  deep  metallic  vessel,  so  that  the  stem  of  the 
thermometer  may  be  surrounded  by  an  atmosphere  of  steam,  and  thus 
exposed  to  the  same  temperature  as  the  bulb, — the  vapour  be  allowed 
to  escape  freelyi^-^and  the  barometer  stand  at  30  inches. 

The  second  part  of  the  process  of  graduation  consists  In  dividing 
^le  interval  between  the  fi:eezing  and  boiling  points  of  water,  into  any 
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Bomber  of  equal  parts  or  dogrew,  which  may  be  either  maiked  on  tfie 
tube  itself,  by  means  of  a  diamond,  or  first  drawn  upon  a  piece  of  pa« 
per,  ivory  or  metal,  and  afterwards  attached  to  the  thermometer. 
,Tfae  exact  number  of  degrees  into  which  the  space  is  divided,  is  not 
very  material,  though  it  would  be  more  convenient  did  all  tlienno- 
meters  correspond  in  this  reject.  Unfortunately  this  is  not  the  case. 
In  Britain  we  use  Fahrenheit's  scale,  while  the  continental  philoso- 
phers employ  either  the  centigrade,  or  that  of  Reaumur.  The  centi- 
grade is  the  most  convenient  in  practice ;  its  boiling  point  is  100,  that 
of  melting  snow  is  the  zero,  or  beginning  of  the  scaJe,  and  the  interval 
is  divided  into  100  equal  parts.  The  interval  in  the  scale  of  Reaumur 
is  divided  into  80  parts,  and  in  that  of  Fahrenheit  into  180 ;  but  the 
aero  of  Fahrenheit  is'placed  82  degrees  below  the' temperature  of  melt- 
ing snow,  and  on  this  account  the  point  of  ebullition  is  212°. 

It  is  easy  to  reduee  the  temperature  expressed  by  one  thermometer 
to  that  of  another,  by  knowing  the  relation  which  exists  between 
their  degrees.  Thus,  180  is  to  100  as  9  to  5,  and  to  80  as  9  to  4 ;  so 
that  nine  degrees  of  Fahrenheit  are  equal  to  &re  of  the  centigrade* 
and  four  of  j^aumur^s  thermometer.  Fahrenheit's  is  therefore  reduc- 
ed to  the  centigrade  scale,  by  multiplying  by  five,  and  dividing  by 
nine,  or  to  that  of  Reaumur,  by  multiplying  by  four  instead  of  five. 
Either  of  these  may  be  reduced  to  Fahrenheit  by  reversing  the  process  ; 
the  multiplier  is  nine  in  both  cases,  and  the  divisor  four  in  the  one  and 
five  in  the  other.  But  it  must  be  remembered  in  these  reductions, 
that  the  zero  of  Fahrenheit's  thermometer  n  82  degrees  lower  than 
that  of  the  centigrade  or  Reaumur,  and  a  due  allowance  must  be 
made  for  this  circumstance.  An  example  will  best  show  how  this  ie 
done.  To  reduce  212'*  F.  to  the  centigrade,  first  abstract  32,  which 
leaves  180 ;  and  this  number  multiplied  by  5-9,  gives  the  corresponding 
expression  in  the  centigrade  scale.  Or  to  reduce  100*"  C.  to  Fahren- 
heit, multiply  by  9-5,  and  then  add  32.  To  save  the  trouble  of  sueb 
reductions,  1  have  subioined  a  table,  which  shows  the  degrees  on  the 
centigrade  scale,  and  that  of  Reaumur  corresponding  to  the  degreeeof 
Fsdiienheit's  thermometer. 

Fahrenheit,  Centigrade,  Reaumur, 

212    ...      100  ...        80 

200  ..  .  93-33  .  .  .  74-e» 
190  ..  .  87-77  .  .  .  70-22 
180  ..  .  82-22  .  .  .  66-77 
170  ,.  .  76-66  .  .  .  61-8a 
160  ..  .  71-11  .  .  .  66-8a 
160  ..  .  65-65  .  .  .  52-44 
140     ..     .         60  ...        48 

130    ..     .        64-44    .     .    .        48'65 
120     ..    .        48-88     .    .    .        89*n 
110    ..    .        48-38     .     .    •        34-6^ 
100     ..     .        87-77     ...        80-22 
9d    .     .    .        32-22     .    .    .        25-77 
80     .     .     .        26-66     .    .     .         2133 
70     .     .     .        21-11     ...     "  16-88 
60    .    .    .        1555     •    .    .        12-44 
50    .    .     .        10  ...  8 

40    .     .     .  4.44     ...  8-66 

82    .     .    .  0  ...  0 

20    ...    —  6-66     .    .     .    •—  6-SS    " 
10    •    .    .    —12-22     ...    —  9-77 
0    .    .    .    —17-77     .    .    .    —14-22 
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The  marciirifti  thermometer  may  be  made  to  indicate  temperatures 
which  exceed  212",  or  fall  below  zero,  by  contiouiDg  tb^  degrees 
above  and  below  thoee  points.  But  as  mercury  freezes  at  39  degrees 
bdow  xero,  it  cannot  indicate  temperatures  below  that  point ;  and  in- 
deed the  only  liquid  which  can  be  used  for  such  purposes  is  alcohol. 
Our  means  of  estimating  high  degrees  of  heat  are  as  yet  very  unsatis- 
factory. Mercury  is  preferable  to  any  other  liquid ;  but  even  its  indi- 
cations cannot  be  altogether  relied  on.  For,  in  the  6rst  place,  its 
expansion  for  equal  increments  of  caloric  is  greater  at  high  than  at  low 
temperatures ;  and  secondly,  glass  expands  at  temperatures  beyond  212* 
F.  in  a  more  rapid  ratio  than  mercury,  and  consequently,  from  the 
proportionally  greater  capacity  of  the  bulb,  the  apparent  expansion 
of  the  metal  is  considerably  less  than  its  actual  dilatation.  Thus  MM. 
Dulong  and  Petit  observed,  that  when  the  air  thermometer  is  at  572* 
F.  the  eomraon  mercurial  thermometer  stands  at  586° ;  but  when  cor- 
rected fo\  the  error  caused  by  the  glass,  it  Indicates  a  temperature  of 
597.5*  F.  No  liquid  can .  be  employed  for  temperatures  which  ex- 
ceed 180**  F.  since  all  of  them  are  then  either  dissipated  in  vapour  ot 
decomposed. 

The  inslfruments  for  measuring  intense  degrees  of  heat  are  called 
pyrometers,  and  must  be  formed  either  of  solid  or  gaseous  substances. 
The  former  alone  have  been  hitherto  employed,  though  the  latter, 
from  the  neater  uniformity  with  which  they  expand,  are  better  calcu- 
lated for  the  purpose.  The  pyrometer  invented  by  Mr  Wedgwood  is 
best  known.  It  is  founded  on  the  property  which  clay  possesses  of 
contracting,  when  strongly  heated,  without  returning  to  its  former 
dimensions  as  it  cools.  The  earth  alumina,  whether  precipitated  from 
a  solution  by  reagents,  or  found  more  or  less'pure  in  the  earth  as  clay, 
is  always  in  a  state  of  chemical  combination  with  water.  On  heating 
it  to  redness,  a  part  of  the  water  is  expelled ;  but  some  remains,  which 
requires  a  very  strong  heat  before  it  is  dissipated ;  and  in  proportion 
as  these  last  portions  escape,  the  earth  contracts.  The  contraction 
even  continues  after  every  trace  of  water  has  been  removed,  owing  to 
a  partial  vitrification  taking  place,  which  tends  to  bring  the  particles  of 
the  clay  into  nearer  proximity.  The  intensity  of  the  beat  may,  there- 
fore, in  some  measure  be  estimated  by  the  degree  of  contraction 
which  it  has  occasioned. 

The  apparatus  consists  of  a  metallic  groove,  24  inches  long,  the 
sides  of  which  converge,  being  half  an  inch  wide  above,  and  three- 
tenths  below.  The  clay,  well  washed,  is  made  up  into  little  cubes* 
that  fit  the  commencement  of  the  groove,  after  having  been  heated  to 
redness ;  and  their  subsequent  contraction  by  heat  is  determined  by 
allowing  them  to  slide  from  the  top  of  the  groove  downwards,  till  they 
arrive  at  a  part  of  it  through  which  they  cannot  pass.  Mr  Wedgwood 
divides  the  whole  length  of  the  groove  into  240  degrees,  each  of 
which  he  supposes  equal  to  130°  F.  The  zero  of  his  scale  corres- 
ponds to  the  1077th  degree  of  Fahrenheit. 

Wedgwood's  pyrometer  is  rarely  employed  at  present,  because  its 
indications  cannot  be  relied  on.  Every  observation  requires  a  sepa- 
rate piece  of  clay,  and  the  observer  is  never  sure  that  the  contraction 
of  the  second  cube,  from  the  same  heat,  will  be  exactly  similar  to  that 
of  the  first ;  especially  as  it  is  difficult  to  procure  specimens  of  the  earth 
whose  composition  is  in  every  respect  the  same. 

*  In  this  statement,  Dr  Turner  is  slightly  inaccurate ;  for  strictly 
speaking  the  pieces  of  clay  are  little  cylinders,  flattened  on  one  side.  B. 
V  2 
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Other  pyrameten  have  bem  piopoted,  which  Mt  oa  the  oeinl  piin* 
dele  of  dilatatioD.  They  consist  of  a  metellic  bar,  the  elongation  of 
which  from  heat  is  rendered  sensible  by  an  index  being  attached  to 
one  end,  while  the  other  b  fixed.  The  experiments  ofLaToisier  and 
Laplace  on  the  expansion  of  solids  were  made  with  such  an  appaia- 
tus,  and  Mr  Daniell  has  lately  described  a  similar  one  in  the  11th  vol- 
ume of  the  Quarterly  Journal  of  Science.  These  instruments  are  in 
general  too  complicated  for  common  use ;  and,  moreover,  scientific 
men  have  hitherto  placed  little  confidence  in  theto,  in  consequence  of 
the  irregularity  with  which  solids  expand  at  high  temperatures. 

For  some  purposes,  especially  in  making  meteorological  oheeivatioBS^ 
it  is  a  very  desirable  object  to  ascertain  the  highest  and  loweattempe- 
rature  which  has  occurred  in  a  given  interval  of  time,  during  the  ab« 
sence  of  the  observer.  The  instrument  employed  with  this  intentioa 
is  called  a  Register  Thermometer^  and  the  most  convenient  kind  with 
which  I  am  acquainted,  is  that  described  in  the  Philosophical  Trana* 
actions  of  Edinburgh,  iii.  245,  by  Dr  John.  Rutherford.  The  thermo* 
meter  for  ascertaining  the  most  mtense  cold  is  made  with  alcehol,  and 
the  bulb  is  bent  at  a  right  angle  to  the  stem, so  that  the  latteriAay  c 


veniently  be  placed  in  a  horizontal  position.  In  the  spiri|ig4mmere- 
ed  a  cylindrical  piece  of  black  enamel,  of  such  size  as  to  move  freely 
within  the  tube.  In  order  to  make  an  observation,  the  enamel  should 
be  brought  down  to  the  surface  of  the  spiAt,  an  object  easUyefiected 
by  slight  percussion  while  the  bulb  is  inclined  upwards.  When  the 
thermometer  sinks  by  exposure  to  cold,  the  enamel  likewise  retreats 
towards  the  bulb,  owing  to  its  adhesion  to  the  spirit;* but,  on  expand* 
Ing,  the  spirit  passes  readily  beyond  the  enamel,  leavmg  it  at  toe  ex« 
treme  point  to  which  it  had  been  conveyed  by  the  previous  contraction. 
For  registering  the  highest  temperature,  a  common  mercurial  ther* 
mometer  of  the  same  rorm  as  the  preceding  is  emploved,  having  a 
small  cylindrical  piece  of  black  enamel  at  the  surface  of  the  mercury* 
When  the  mercury  expands,  the  enamel  is  pushed  forward;  and  as  the 
stem  of  the  thermometer  is  placed  horizontal,  it  does  not  recede  when 
the  mercury  contracts,  but  remains  at  the  spot  to  which  it  had  been 
conveyed  by  ttie  previous  dilatation.  The  enamel  is  easily  restored  to 
the  surface  of  the  mercury  by  slieht  percussion  while  the  bulb  is  in- 
clined downwards ;  but  this  should  be  performed  with  care,  lest  the 
enamel,  in  falling  abruptly,  should  interrupt  the  continuity  of  the  mer- 
curial column,  and  destroy  the  instrument.  This  accident  is  prevent- 
ed by  putting  some  pure  naphtha  in  the  tube  beyond  the  mercury, 
and  its  presence  is  likewise  of  use  in  preventing  the  oxidation  of  the 
mercury. — ^The 'above  description  applies  to  an  improvement  onDr 
Rutherford's  thermometer  made  by  Mr  Adie  of  Edinburgh. 

Though  the  thermometer  is  one  of  the  most  valuable  instruments  of 
philosophical  researdi,  it  must  be  confessed  that  the  sum  of  informa- 
tion which  it  conveys  is  very  small.  It  does  indeed  point  out  a  difier- 
ence  in  the  temperature  of  two  or  more  substances  with  ereat  nicety ; 
but  it  does  not  indicate  how  much  caloric  any  body  contams.  It  does 
not  follow,  because  the  thermometer  stands  at  the  same  elevation  in 
any  two  bodies,  that  they  contain  equal  quantities  of  caloric ;  nor  is  it 
right  to  infer  that  the  warmer  possesses  more  of  this  principle  than 
the  colder.  The  thermometer  gives  the  same  kind  of  information 
which  may  be  discovered,  though  less  accurately,  by  the  feelings ;  it 
recognises  in  bodies  that  state  of  the  caloric  alone  which  affects  the 
senses  with  an  impression  of  heat  or  cold ;  the  condition  expressed  by 
the  word  temperature.    All  we  learn  by  this  iostroment,  la  whether 
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ih»  tempentare  of  one  body  ia  greater  or  leaa  than  that  of  another ;  and 
if  there  is  a  diflerenee,  it  is  expressed  numericaUy,  namely,  by  the  do- 
cieee  of  the  thermometer.  But  it  must  be  remembered  that  these 
dopoes  are  parts  of  an  arbiUavy  scale,  selected  for  convenience,  with- 
out any  reference  whatever  to  the  actual  quantity  of  caioric  present 
in  bodies. 

Veiy  little  reflection  wiH  evince  the  propriety  of  these  remarks.  If 
two  glasses  of  unequal  size  be  filled  with  water  just  taken  from  the 
name  sprine,  the  thermometer  will  stand  in  each  at  the  same  height, 
4iM«gh  their  quantities  of  calorie  are  certainly  unequal.  This  obser- 
vation naturally  gives  rise  to  an  interesting  question  ;  namely,  do 
difierent  kinds  of  substances,  whose  temperatures  as  estimated  by*  the 
thermometer  are  the  same,  contain  equal  quantities  of  caloric  ?  For 
•sample,  does  a  pound  of  iron  contain  as  much  caloric  as  a  pound  at 
water,  or  of  mercury  ?  The  foregoing  remark  sImws  that  equality  of 
fampemture  is  ^ot  necessarily  connected  with  equality  in  the  quantity 
of  cak>rie ;  and  this  inference  has  been  amply  confirmed  by  expert* 
meat  If  equal  quantities  of  water  are  mixed  together,  one  portion 
behig  at  100°  F.  and  the  other  at  SO**,  the  mixture  will  have  a  tempo* 
nture  of  75^,  or  intermediate  between  the  two ;  that  is,  the  25  degrees 
which  the  warm  water  has  lost,  have  just  si^ed  to  raise  the  cold 
water  by  «s  many  degrees.  It  is  hence  inferred  that  equal  weights  of 
water  of  the  same  temperature  contain  equal  quantities  of  caloric ;  and 
the  same  is  found  to  be  tnie  of  other  bodies.  But  if  equal  weights, 
or  equal  buUn  of  different  substances  are  used  in  the  experiment,  the 
result  will  be  very  difibrent.  Thus,  if  one  pound  of  mercury  at  186* 
F.  is  mixed  with  a  pound  of  water  at  40°,  the  mixture  will  have  a 
temperature  of  45°  only ;  or  if  the  experiment  be  reversed  by  hav- 
ing the  water  at  185°  and  the  mercury  at  40°,  the  mixture  will  have  a 
temperature  of  180°.  In  the  first  case,  140  degrees  lost  by  the  mer- 
cury served  to  heat  the  water  by  five  degrees,  and  in  the  second,  &7e 
degrees  lost  by  the  water  sf^ed  to  raise  the  temperature  of  the 
norcuiy  by  140°.  It  hence  appears  that  28  times  more  caloric  is  re- 
quired to  raise  the  temperature  of  water  through  one  or  more  degrees^ 
than  for  heating  an  equal  weight  of  mercury  to  the  same  extent ;  and 
if  the  same  relation  exist  throughout  the  whole  range  of  temperature^ 
commencing  from  the  absolute  zero,  then  it  would  follow  that  the 
former  contains  28  times  more  caloric  than  the  latter. 

Shnilar  experiments  have  been  made  by  mixing  water  with  a  great 
many  other  substances ;  and  it  is  observed  that  different  bodies  always 
require  miequal  quantities  of  caloric  to  heat  them  equally.  The  same 
quantity  of  caloric  which  heats  a  pound  of  water  one  degree,,  will  heat 
an  equal  weight  of  spermaceti  oil  two  degrees,  and,  therefore,  water  is 
supposed  to  contain  twice  as  much  caloric  as  oil. 

Dr  Black  was  the  first  who  noticed  this  remarkable  difference,  and 
he  eiy>ressed  it  by  the  term  capacity  for  caloric*.  This  word  was 
probably  suggested  by  the  idea  that  the  capacity  of  a  body  for  caloric 
depeuds  upon  its  capaciousness,  or  the  distance  between  its  particles, 
in'consequence  of  which  there  is  more  room  for  caloric.  And  indeed 
at  first  view  there  appear  sufficient  grounds  for  this  opinion  ;  for  it  is 
observed,  that  very  compact  bodies  have  the  smallest  capacities  for 
caloric,  and  that  the  capacity  of  the  same  substance  often  increases  as 
its  density  becomes  less.  But,  as  Dr  Black  himself  pointed  out,  it 
this  was  the  real  cause  of  the  difference,  the  capacity  of  bodies  for 
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^caloric  should  be  inversely  as  their  density.  Thus,  since  mercury  is 
thirteen  times  and  a  half  denser  than  water,  the  capacity  of  the  latter 
for  calorie  ought  to  be  only  thirteen  times  and  a  half  greater  than  the 
former,  whereas  it  is  twenty-e^ht  times  as  great.  Oil  occupies  more 
epaee  than  an  equal  weight  of  water,  and  yet  the  capacity  of  the  latter 
for  caloric  is  double  that  of  the  former.  The  word  capacity  therefore 
is  apt  to  excite  a  wrong  notion,  unless  it  is  carefully  borne  in  mind, 
that  it  is  merely  an  expression  of  the  fact  without  allusion  to  its  cause ; 
end  to  avoid  the  chance  of  error  from  this  source,  the  term  specie 
ecUorie  has  been  proposed  as  a  substitute  for  it,  and  is  now  very  gene- 
rally employed.  ' 

It  is  certainly  a  singular  fact,  that  two  substances  of  equal  tempera- 
ture should  contain  unequal  quantities  of  caloric,  and  many  attempts 
have  been  made  to  account  for  it..  The  explanation  deduced  from  the 
views  of  Dr  Black  is  the  following :  He  conceived  that  caloric  exists 
in  bodies  under  two  opposite  conditions ;  in  one  it  is  supposed  to  be 
in  a  state  of  chemical  combination,  when  it  lays  aside  its  prominent 
characters,  and  remains  a»  it  were  concealed,  without  evincing  any 
signs  of  its  presence ;  in  the  other,  it  is  free  and  uncombined,  passing 
readily  from  one  substance  to  another,  affecting  the  senses  in  its  pas- 
sage, determining  the  height  of  the  thermometer,  and  in- a  word 
giving  rise  to  all  the  phemomena  which  are  attributed  to  this  active 
principle. 

Objections  might  easily  be  started  against  this  ingenious  conjecture; 
but  it  certainly  has  the  merit  of  explaining  phenomena  more  satisfac- 
torily than  any  view  that  has  been  proposed  in  its  place.  It  is  entirely 
consistent  with  analogy.  For  since  caloric  is  regarded  as  a  material 
substance,  it  would  be  altogether  anomalous  were  it  not  influenced, 
like  other  kinds  of  matter,  by  chemical  affinity ;  and  if  this  be  admitted, 
«  it  ought  certainly,  in  combining,  to  lose  some  of  the  properties  by 
which  it  is  distinguished  in  its  free  state.  According  to  this  view.  It 
is  intelligible  how  two  substances,  from  being  in  the  same  condition 
with  respect  to  free  caloric,  may  have  the  same  temperature ;  and  yet 
that  their  actual  quantities  of  caloric  may  be  very  different,  in  con- 
sequence of  one  containing  more  of  that  principle  in  a  combined  or 
latent  state  than  the  other.  But  in  admittinf^  the  plausibility  of  this 
explanation,  it  is  proper  to  remember  that  it  is. at  present  entirely  hy- 
pothetical ;  and  that  the  language  suggested  by  an  hypothesis  should 
not  be  unnecessarily  associated  with  the  phenomena  to  which  it 
owes  its  origin.  Accordingly,  the  word  aenaible  is  better  than  free 
caloric,  and  inaennble  preferable  to  eonUnned  or  latent  caloric ;  for  by 
such  terms  the  fact  Is  equally  well  expressed,  and  philosophical  pro- 
priety strictly  preserved*. 


*  The  theory  of  latent  heat  of  Dr  Black,  as  applied  to  (he  explana- 
tion of  the  different  specific  heats  of  bodies,  would  seem  in  some 
respects  to  be  unphilosophical.  If  Pictet*s  theory  of  the  equilibrium 
of  caloric  be  admitted,  then  the  equality  of  temperature  of  any  two 
bodies  means  merely  that  their  caloric  has  no  tendency  to  pass  from 
one  to  the  other,  without  the  idea  having  any  necessary  connect 
tion  with  the  absolute  quantity  of  caloric  contained  in  them.  It  may 
be  admitted  as  highly  probable  that  the  reason  why  different  bodies 
assume  to  themselves -unequal  quantities  of  heat,  when  this  principle 
has  assumed  a  state  of  rest,  is  that  their  affinities  for  caloric  are  differ- 
ent ;  yet  it  by  no  means  foUows^  that  the  caloric  in  such  bodies  is  in 
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tt  is  of  importmee  to  know  tho  flpedfie  ealorie  of  ^Odi«0.  Th« 
most  conToiiitiit  method  of  dftooTeiitof;  it,  ii  by  nibdmf  difierent  8ub« 
BtiBces  together  in  the  way  jast  described,  end  ebtervmg  the  relatiTe 
qanatitlae  of  caloric  raqulnte  for  beating  them  by  the  same  number  of 
degrees.  The  caloiie  required  to  heat  eqoal  tinaotities  of  water,  epei- 
maeeti  oil,  and  mercnry  by  one  degree,  ia  in  the  ratio  of  28, 14,  and  1,  and 
therefoTO  their  capaeitieB  for  calmic  are  expreawd  by  thoae  nmnbera. 
Water  is  commonly  one  of  the  materiala  employed  in  auch  espeii- 
menii,  as  it  is  cnstCNnaiy  to  compare  the  capacity  of  other  bodies  with 
that  of  water. 

This  method  was  first  suggested  by  Dr  Black,  and  was  afterwards 
praetised  to  a  great  extent  by  Drs  Crawford  and  Irvine*.  But  the 
same  knowledge  may  be  obtained  by  leversing  the  process, — by  notmg 
die  Yolative  quantities  of  caloric  which  bodies  give  out  in  eooKag ;  wt 
if  Wfttet  requires  28  times  more  caloric  than  mereoiy  to  raise  its  tern* 
pemtnre  by  one  or  more  degrees,  it  must  also  lose  28  times  as  much 
when  it  cools.  The  calorimeter,  invented  and  employed  by  Lavoisier 
aikl  Laplace,  acts  on  this  principle.  The  apparatus  consists  of  a  wire 
cage,  snspended  in  the  centre  of  a  metallic  vessel  so  much  larger  than 
itself,  tlHit  an  interval  is  left  between  them,  which  is  filled  with  frag* 
ments  of  ice.  Tlie  mode  t>f  estimating  the  quantity  of  caloric  wUeh 
is  emitted  by  a  hot  body  placed  in  the  wire  cage,  depends  upon  tlie 
fact,  that  ice  cannot  be  heated  beyond  32®  F ;  since  every  particle  of 
cslorle -which  is  then  supplied  is  etnptoyed  in  liquefying  it,  without  in 

two  different  states,  eennlde  or^es,  and  inBentible  or  eomlrined.  If 
we  impart  ten  degrees  of  heat  to  eqoal  weights  of  water  and  oil,  the 
water  will  have  received  twice  as  much  caloric  as  the  oil.  Here  **the 
actaal  qnantities  of  oalortc*'  received  are  **  very  different ;"  but  are 
we  on  this  aeconnt  to  suppose  that  part  of  the  caloric  received  by  the 
water  is  in  an  insensibie  or  combined  state  ?  It  will  at  once  be  evi- 
dent that  this  cannot  be  the  case  ;  for  if  the  equal  weighto  of  water 
and  oil,  after  being  heated  ten  degrees,  be  allowed  to  cool  equally, 
the  water  will  lose  twice  as  much  aetual  caloric  as  the  oil.  Now 
all  the  caloric  lost  during  the  cooling  becomes  free  caloric ;  for  it  is 
distributed  among  surrounding  bodies. 

The  fact  is,  that  the  quantity  of  caloric  gained  or  lost  by  any  num« 
her  of  bodies,  in  .being  heated  or  cooled  through  the  same  number  of  de- 
grees, bears  a  constant  proportion  to  their  several  specific  heats.  Hence 
to  maintain  an  equali^  of  temperature  among  any  set  of  bodies,  the 
quantity  of  caloric  contained  by  each  must  be  directly  proportional  to 
its  specific  heat.  Whatever  suhverte  this  relation  will  necessarily 
diange  the  temperature. 

It  sometiflMs  happens  that  the  loss  or  gain  of  caloric  by  a  body  is  exactly 
proportiona]  to  the  cliange  it  may  undergo  in  specific  heat  or  capacity. 
TImw,  if  a  body  receive  caloric,  and  have,  at  the  same  time,  its  capa- 
city proportionably  increased,  its  temperature  remains  the  same,  though 
it  be  constantly  receiving  caloric ;  and  it  is  bv  such  cases  as  these  that 
the  doctrine  of  insensible  or  combined  heat  is  most  plausibly  support- 
ed. But,  upon  taking  a  nearer  view  of  the  subjeet,  it  will  be  found 
tfiat  the  temperature  remains  the  same  in  conformity  with  the  princi- 
ples kid  down  m  this  note ;  for  the  capacity  and  faieat  being  simulta- 
neously and  proportionably  Increased,  the  relation  between  them,  so 
&r  from  being  iuktferted^  is  maintained.    B. 

*  Crawford  on  Animal  Heat,  and  Irvfaie's  Chemical  Essays* 
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the  least  affecting  its  temperature.  If,  therefore,  a  flask  of  bdiling 
water  is  put  into  the  cage,  it  will  gradually  cool,  the  ice  will  continue 
at  82%  and  a  portion  of  ice-cold  water  will  be  formed ;  and  the  same 
change  will  happen  when  heated  mercury,  oil,  or  any  other  sub- 
fltance  is  substituted  for  the  hot  water.  The  «qle  difference  will 
eonsist  in  the  quantity  of  ice  liquefied,  which  will  be  proportional  to 
the  caleric  lost  by  those  bodies  while  they  cool ;  so  that  their  capacity 
Is  determined  merely  by  measuring  the  quantity  of  water  produced  by 
each  of  them.  This  is  done  by  allowing  the  water,  as  it  forms,  to  run 
out  of  the  calorimeter  by  a  tube  fixed  in  the  bottom  of  it,  and  care- 
fully weighing  the  liquid  which  issues. 

There  is  one  obvious  source  of  fallacy  in  this  mode  of  operatingj 
against  which  it  is  necessary  to  provide  a  remedy ;  namely,  the  ice  not 
only  receives  caloric  from  the  substance  in  the  central  cage,  but  must 
also  receive  it  from  the  air  of  the  apartment  in  which  the  experiment 
is  conducted.  This  inoonvenience  is  completely  avoided  by  sur* 
rounding  the  whole  apparatus  by  a  larger  metallic  vessel  of  the  same 
form  as  the  smaller  one,  and  of  such  a  size  that  a  certain  space  is  left 
between  them,  which  is  to  be  filled  with  pounded  ice  or  snow.  No 
external  heat  can  now  penetrate*  to  the  inner  vessel ;  because  all  the . 
caloric  derived  from  the  ^artment  is  absorbed  by  the  outer  one,  and 
is  employed,  not  in  elevating  its  temperature,  but  in  dissolving  the 
pounded  ice  within  it. 

Notwithstanding  this  precaution,  however,  the  accuracy  of  the  calori- 
meter may  fairly  be  questioned.  That  the  results  obtained  by  it  should 
be  correct,  it  is  essential  that  all  the  water  which  is  produced  should 
flow  out  and  be  collected.  But  there  is  reason  to  suspect  that  some 
of  the  water  is  apt  to  freeze  again  before  it  has  had  time  to  escape ; 
and  if  this  be  true,  as  a  priori  is  very  prol>able,  then  the  information 
given  by  the  calorimeter  must  be  rejected  as  useless. 

The  specific  caloric  of  the  gases  may  be  determined  in  the  same 
way  as  that  of  liquids  and  solids ;  but  as  the  quantity  of  heat  given  out 
by  them  in  cooling,  even  through  a  considerable  number  of  degrees, 
is  very  small*,  the  investigation  is  one  of  considerable  difficulty.  The 
following  table  contains  the  conclusions  of  Dr  Crawford  and  of  Dela- 
roche  and  B^rardf.  Equal  weights  of  each  substance  are  compared 
together,  and  the  cap^icities  are  referred  to  water  as  unity. 

Delaroehe  and  Berard,  Crawford, 

Water                      .               .        1.0000        .  .         .  1.0000 

Air                             .                .        0.2669        .  .  1.7900 

hydrogen  gas          .               .        3.2936        .  .  21.4000 

'^ 1 : — : 

*  This  reoiJark  of  Dr  Turner  may  possibly  lead  the  student  into  error, 
and  therefocfe  requires  some  elucidation.  It  cannot  be  intended  to  con- 
vey the  idea  that  the  specific  caloric  of  gases  is  very  small,  when  com- 
|)ared,  in  equal  weights,  with  solids ;  though  this  is  the  fact  when 
|hey  are  compared  in  equal  volumes  with  the  lattec^  But  in  point  of 
fact,  as  the  gases  are  more  easily  experimented  upon,  when  taken  in  a 
convenient  quantity  in  volume,  the  weight  of  which  is  necessarily 
fmall,  it  follows  that,  in  the  investigation  of  the  specific  caloric  of 
|ases,  the  quantity  of  heat  to  be  estimated  in  any  one  experiment  is 
froportionably  minute.  With  respect  to  hydrogen,  in  no  point  of 
<riew  can  its  specific  caloric  be  considered  small ;  for  it  is  more  than 
diree  times  as  great  as  that  of  an  equal  weight  of  water,  taking  the  re- 
Milts  of  Delaroche  and  B^rard.    B. 

t  Annales  de  Chimie  for  1813,  or  Annals  of  Philosophy,  vol.  ii. 
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Delaroehe  and  Sirard. 

Carbonic  acid  gas    . 

0.2210  ^ 

Oxygen  gas 

0.2361 

Nitrogen  gas 

0.2764 

Nitrous  oxide  gas  * . 

0.2869 

Olefiant  gas 

0.4207 

Carbonic  oxide  gas 

0.2884 

Aqueous  vapour 

0.8470 

Crawford, 
1.0464 
4.7490 
0.7936 


1.6600* 


The  discordance  in  these  results  is  a  sufficient  proof  of  the  difficulty 
of  the  inquiry.  Dr  Crawford  had  determined  by  experiment,  that  solid 
bodies  have. a  less  capacity  for  caloric  than  liquids;  and  it  follows, 
from  the  numbers  contained  in  the  preceding  table,  that  gases  in 
general  are  superior  in  this  respect  to  liquids.  It  had  also  been  ob- 
served that  the  specific  caloric  of  a  gas  increases  when  it  is  dilated, 
and  diminishes  when  it  suffers  condensation.  It  seemed  probable 
from  this,  that  the  capacity  of  the  same  body  for  caloric  would  in- 
crease when  its  density  became  less,  or  its  cohesion  diminished,  as 
when  a  solid  liquefies,  or  a  liquid  is  converted  into  vapour.  These 
views  were  favoured  by  the  experiments  of  Crawford,  but  completely 
overturned  by  those  of  Deliiroche  and  B^rard ;  since,  according  to  the 
first  authority,  the  specific  caloric  of  watery  vapour  is  much  greater 
than  that  of  water,  while,  according  to  the  second,  it  is  considerably 
less. 

In  drawing  a  parallel  between  the  two  sets  of  experiments,  the  pre- 
ference must  certainly  be  given  to  those  of  Delaroehe  and  B^rard. 
From  being  the  most  recent  experimenters  on  the  subject,  they  had 
all  the  experience  of  their  predecessors  to  guide  them ;  and  their  ap- 
paratus, though  complicated  and  difficult  to  manage,  was  better  suited 
to  the  object  than  that  of  Crawford.  Their  results  agree,  also,  with 
those  published  in  1819  by  MM.  Clement  and  Desormes  in  the 
Journal  de  Physique  Ixxxix.  320;  and  Mr.  Dalton,  in  the  second  vo- 
lume of  his  Chemical  Philosophy,  page  282,  states  that  he  has  re- 
peated the  experiment  of  Delaroehe  and  B^rard  on  the  specific  caloric 
of  atmospheric  air,  and  is  convinced  that  their  number  is  very  near  the 
troth.  The  results  of  Dr  Crawford,  therefore,  must  be  given  up  as 
unworthy  of  confidence. 

But  .these  remarks  apply  only  to  the  gases.  The  specific  caloric  of 
watery  vapour  cannot  be  regarded  as  known  with  the  same  degree  of 
certainty :  nor  do  Delaroehe  and  Berard  themselves  place  much  reli- 
ance on  the  accuracy  of  their  result.    This  point  then  must  be  left  to 


*  In  the  above  numbers  for  specific  caloric,  the  several  gases  are 
compared  in  equal  weights.  According  (o  some  recent  experiments  of 
Hagenraft,  and  particularly  of  Aug.  Delarive  and  Fr.  Marcet,  it  ap- 
pears that  equal  volumes  of  all  gases,  at  the  same  temperature,  and 
under  the  same  pressure,  have  the  same  specific  heat.  Berzelius, 
Traitide  ChimieJ,  89. 

It  does  not  appear  to  be  equally  true  that  the  same  volume  of  any 
iras,  estimated  under  different  pressures,  has  the  same  specific  .heat. 
For  by  the  experiments  of  Delarive  and  Marcet,  the  specific  caloric 
is  less  for  the  same  volume  of  gas,  the  less  the  pressure  to  which  it  is 
subjected.  This  result  corresponds  with  the  observations  of  Delaroehe 
and  Berard,  who  found  that  the  specific  caloric  of  a  given  weight  of 
gas  expanded  to  double  its  volume,  is  not  doubled,  though  consider- 
ably increased.    See  note  of  the  author,  at  page  48.    B. 
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be  decided  by  future  obsenration ;  for  tbe  data  whieb  we  at  present 
possess  cannot  be  trusted. 

The  facts  hitherto  determined  concerning  tbe  specific  caloric  of 
bodies  may  be  arranged  under  tbe  four  following  heads. 

1.  Every  substance  has  a  specific  caloric  peculiar  to  itself;  whence 
it  fojiows  that  a  change  of  composition  will  be  attended  by  a.cbange 
of  capacity  for  caloric. 

2.  The  specific  caloric  of  a  body  varies  with  its  form.  A  solid  has 
a  less  capacity  for  caloric  than  when  it  is  liquid;  thus  the;  capacity  of 
water  in  the  solid  state  is  900,  and  in  the  liquid  1000.  It  was  feraierly 
supposed  that  the  same  substance  has  a  greater  specific  caloric  in  the 
form  of  gas  than  when  it  is  in  a  solid  or  liquid  form ;  but  the  discre- 
pancy above  alluded  to  respecting  the  comparative  specific  caloric  of 
water  and  watery  vapour,  throws  a  doubt  on  this  supposition  which 
can  be  cleared  away  only  by  future  and  more  accurate  ^experiments* 

3.  The  specific  calorie  of  all  gases  increases  as  their  density  dimin- 
ishes, and  conversely,  the  former  decreases  with  the  increase  of 
density*.  This  being  the  case  with  elastic  fluids,  it  may  reasonably 
be  asked  whether  the  same  law  does  not  extend  to  liquids  and  solids ; 
whether  water,  for  instance,  at  32*,  possesses  the  same  specific  caloric 
as  when  dilated  by  a  high  temperature.  Drs  Crawford  and  Irvine 
conjiended  that  it  is  permanent  or  nearly  so,  affirming  that  solids  and 
liquids  possess  the  same  specific  caloric  at  all  temperatures,  so  long  as 
they  suffer  no  change  of  form  or  composition.  Mr  Dalton,  on  the 
contrary,  (Chemical  Philosophy,  part  I.  p.  60),  in  endeavours  to  show 
that  the  specific  caloric  of  such  bodies  is  greater  high  than  in  low 
temperatures;  and  Petit  and  Dulong,  in  the  essay  already  quoted, 
have  proved  it  experimentally  with  respect  to  several  of  them.  Thus 
the  mean  capacity  of  iron  between 

O*"  C  and  100"  Cent  is  0.1098 

O'C  .  200°  C  .  0.1160 

0?C  .  300°  C  .  0.1218 

0»C  .  360°  C  .  0.1255 

and  the  same  is  true  of  the  substances  contained  m  the  following  Table. 
Mean  eapacUy  Mean  capacity 

between  0°  and  100°  C      between  0°  and  300°  C 

Mercury  .  00330  .  0.0350 

Zinc  .  0.0927 

Antimony  .  0.0507 

ga^er  .  0.0557 

Copper  .  0.0949 

PlaUnum  .  0.0336 

Glass  .  0.1770 

It  is  difficult  to  determine  whether  the  increased  specific  caloric 
observed  in  solids  and  liquids  at  high  temperatures  is  owing  to  the  ac- 
cumulation of  heat  within  them,  or  to  the  dilatation.  It  is  ascribed  in 
general  to  the  latter,  and  I  believe  correctly;  because  the  expansion 
and  contraction  of  gases  by  change  of  pressure,  without  the  aid  of 


0.1015 
0.0549 
0.0611 
0.1013 
0.0356 
0.1900 


•  belaroche  and  B^rard  ascertained  that  the  capacity  of  gases  for 
caloric  does  not  increase  in  the  same  ratio  as  the  diminution  of 
density,  but  according  to  a  less  rapid  progression.    Thus,  the  specific 
caloric  of  any  gas  being  1,  it  is  not  2  when  its  bulk  is  doubled,  but ' 
between  one  and  two. 
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heat,  19  attended  with  cprreBpoading  changes  or  capacity  for  caloric. 

4.  A  change  of  capacity  lor  caloric  always  occasions  a  change  of 
temperature.  An  increase  in  the  former  is  attended  by  a  diminution 
of  the  latter ;  and  a  decrease  in  the  former,  by  an  increase  of  the  latter. 
Thus  when  air,  confined  within  a  flaccid  bladder,  Ts  suddenly  dilated 
by  means  of  the  air-pump,  a  thermometer  placed  in  it  will  indicate  the 
production  of  cold.  On  the  contrary,  when  air  is  compressed,  the 
corresponding  diminution  of  its  specific  caloric  gives  rise  to  an  in- 
crease of  temperature ;  nay,  so  much  heat  is  evolved  when  the  com- 
pression is  sudden  and  forcible,  that  tinder  may  be  kindled  by  it.  The 
explanation  of  these  facts  is  obvious.  In  the  first  case,  a  quantity  of 
caloric  becomes  insensible,  which  was  previously  in  a  sensible  state ; 
in  the  second,  caloric  is  evolved,  which  was  previously  latent. 

From  some  experiments,  the  result  of  which  is  given  In  the  10th 
▼olame  of  the  j9n.  de  Ch*  et  Ph.,  MM.  Dulong  and  Petit  have  in- 
ferred that  the  atoms  of  simple  substances  have  the  same  capacity  for 
calorie.    The  following  tal>ie  is  taken  from  their  essay.    (I^ge  403.) 

ProduetB  of  the 
weight  of  each 


Spee\fic  Calorie, 

Bismuth 

0.0288 

Lead 

0.0293 

Cold 

0.029d 

Platinum 

0.0335 

Tin 

0.0514 

Silver 

0.0557 

Zinc 

0.0927 

Tellurium 

0.0912 

Copper 

.     0.0949 

I^ickel 

0.1035 

Iron 

0.1100 

Cobalt 

0.1498 

Sulphur 

0.1880 

ioe  weighti 

»      Atom  by  the  ear- 
respanaing   ca- 

Atoms. 

pacity. 

13.30 

0.3830 

12.95 

0.3794 

12.43 

0.3704 

11.16 

0.8740 

7.36 

0,3779 

6.75 

0  3759 

4.03 

0.3736 

4.03 

0.3675 

3.957 

0.3756 

3.69 

0.3819 

3.392 

0.3731 

2.46 

0.3685 

2.011 

0.3780* 

In  the  new  part  of  his  Chemical  Philosophy,  page  293,  Mr  Dalton 
has  made  some  strictures  in  reference  to  this  table,  tending  to  show 
that  the  opinion  of  Dulong  and  Petit  cannot  be  correct,  and  stands  in 
opposition  to  their  own  facts.  Mr  Dalton  argues  that  the  product  of 
the  weight  of  an  atom  by  the  corresponding  capacity  for  caloric,  is  not 
a  constant  quantity;  because  the  capacity  of  the  same  substance  varies 
with  change  of  form,  or  even,  according  to  their  own  experiments, 
from  variation  of  temperature  without  change  of  form.    To  the  latter 

Eart  of  the  criticism,  Dulong  and  Petit  are  certainly  exposed  ;  but  they 
ave  anticipated  the  former  by  remarking^  that  the  law  is  not  affected 
by  change  of  form,  provided  the  substances  compared  are  taken  in  the 
same  state.  Whether  this  position  is  or  is  not  correct,  remains  to  be 
proved. 


*  If  the  atomic  weights  contained  in  this  table  were  corrected  ac- 
cording to  the  latest  determinations,  the  coincidences  between  the 
specific  heats  of  the  atoms  would  be  far  less  striking.  See  some  in- 
teresttng  strictures  on  this  table  by  Professor  A.  D.  Bache,  of  the 
University  of  Pennsylvania,  contained  in  the  Journal  of  (he  Academy 
of  Natural  Sciences  of  Philadelphia,  for  January  1829.  B. 
£ 
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On  Liquefaction. 

All  bodies,  hitherto  known,  are  either  solid,  liquid,  or  gaseous ;  and 
the  form  they  assume  depends  on  the  relative  intensity  of  cohesion  and 
repulsion.  Should  the  repulsive  force  be  comparadvely  feeble,  the 
particles  will  adhere  so  firmly  together  that  they  cannot  move  freely 
upon  one  another,  thus  constituting  a  solid.  If  cohesion  is  so  far  couo* 
teracted  by  repulsion,  that  the  particles  move  on  each  other  freely,  a 
liquid  is  formed.  And  should  the  cohesive  attraction  be  entirely  over« 
come,  so  that  the  particles  not  only  move  freely  on  each  other,  but 
separate  from  one  another  to  an  almost  indefinite  extent  unless  ie« 
strained  by  external  pressure,  an  aeriform  substance  will  be  produced. 
Now  the  property  of  repulsion  is  manifestly  owing  to  caloric;  and 
as  it  is  easy  within  certain  limits  to  increase  or  diminish  the  quantity 
of  this  principle  in  any  substance,  it  follows  that  the  form  of  bodies  may 
be  made  to  vary  at  pleasure;  that  is,  by  a  sufficiently  intense  heat,  eveiy 
solid  may  be  converted  into  a  fluid,  and  every  fluid  into  the  aeriform 
state.  This  inference  is  justified  by  experience  so  far,  that  it  may 
safely  be  considered  a  general  law.  The  converse  ought  also  to  be 
true ;  and,  accordinsly,  several  of  the  gases  l^ve  already  been  con- 
densed by  means  of  pressure  into  liquids,  and  liquids  have  been  solidi- 
fied by  cold.  The  temperature  at  which  liquefaction  takes  place  is 
called  the  melting  point,  or  point  of  fusion ;  and  that  at  which  liquids 
solidify,  their  point  of  congelation.  Both  these  points  are  different  for 
different  substances,  but  uniformly  the  same,  under  similar  circumstan^ 
ces,  in  the  same  body. 

The  most  important  circumstance  relative  ta  liquefaction  is  tfie  dis- 
covery of  Dr  Black,  that  a  large  quantity  of  caloric  disappears,  or  be- 
comes insensible  to  the  thermometek*,  during  the  process.  If  a  pound 
of  water  at  32°  be  mixed  with  a  pound  of  water  at  172°,  the  tempera* 
ture  of  the  mixture  will  be  intermediate  between  them,  or  102°.  But 
if  a  pound  of  water  at  172°  be  added  to  a  pound  of  ice  at  S2°,  the  ice 
will  quickly  dissolve,  and  on  placing  a  thermometer  in  the  mixture,  it 
will  be  found  to  stand,  not  at  102°,  but  at  82°.  In  this  experiment,  tiie 
pound  of  hot  water,  which  was  originally  at  172°,  actually  loses  140 
degrees  of  caloric,  all  of  which  entered  into  the  ice,  and  caused  its  li- 
quefaction, but  did  not  affect  its  temperature ;  and  it  follows,  there- 
fore, that  a  quantity  of  caloric  becomes  insensible  during  the  melting  of 
ice,  sufiicient  to  raise  the  temperature  of  an  equal  weight  of  water  140 
degrees  of  Fahrenheit.  This  explains  the  well  known  fact,  on  which  the 
graduation  of  the  thermometer  depends,— that  the  temperature  of  melt- 
ing i^e  or  snow  never  exceeds  82^  F.  All  the  caloric  which  is  added 
becomes  insensible,  tiH  the  liquefaction  is  complete. 

The  loss  of  sensible  caloric  which  attends  liquefaction  seems  essen* 
tially  necessary  to  the  change,  and  for  that  reason  is  frequently  called 
the  calorie  of  fluidity.  The  actual  quantity  of  caloric  required  for 
this  purpose  varies  with  the  substance,  as  is  proved  by  the  following 
results  obtained  by  Irvine*  The  degrees  indicate  the  extent  to  which 
an  equal  weight  of  each  material  may  be  heated  by  the  caloric  of  flu- 
idity which  is  proper  to  it. 

Cdhrie  ofFluidUy, 
Sulphur  .  .  143.63°  F. 

Spermaceti  .  .  145° 

Lead  .  .  162° 

Bees-wax  .  .  176** 

Zinc  .  .  498** 

Tin  .  .  500° 

Bismuth  .  550* 
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As  «o  mudi  heat  disaiipflMi  during  liqnefaetioD,  it  l<^owi  dut  ca- 
loric iiHist  be  evolved  when  a  liquid  panel  into  a  eolid.  Thii  may 
eairily  be  pioved.  The  tempeiatare  of  water  in  the  act  of  freezing 
never  &U8  below  82<*  F.  though  it  be  expoaed  to  an  atmosphere  ia 
which  the  tfaeimometer  is  at  zero.  It  is  obvious  that  tlie  water  can 
presenre  Us  temperature  in  a  isediam  so  much  colder  than  itself,  only 
ky  tihe  caloric  wiiich  it  loses  being  instantly  supplied ;  and  it  is  no  less 
clear  that  tiie  only  soiuoe  of  supply  is  the  caloric  of  fluidity.  Further, 
if  pare  reoeatly  boiled  water  be  cooled  very  slowly,  and  kept  very  tran* 
quil,  its  temperatUBe  may  be  lowered  to  81°  F.  without  any  ice  being 
formed ;  but  the  least  motion  causes  it  to  congeal  suddenly,  and  in  do- 
ing so,  its  temperature  rises  to  82"*  F.* 

The  explanation  wluch  Dr  Black  gave  of  these  phenomena  consti- 
tQtes  what  is  called  his  Dottruu  of  UAent  keai^  which  was  partially 
explained  en  a  former  oeeasion.  (Page  44.)  He  conceived  that  ca- 
loric in  caosiBg  fluidity  loses  Its  property  of  acting  on  the  thermo- 
meter m  conseipience  of  cembiniog  cliemlcal^  with  the  solid  sub- 
stance, and  that  liqne&ction  results,  because  the  compound  so  formed 
does  not  possess  that  degree  of  cohesive  attraction  on  which  solidity 
depends.  Whm  a  liquid  is  cooled  to  a  certain  point,  it  parts  with  its 
caloric  of  fluidity,  heat  is  set  fioee  or  becomes  sensible,  and  the  cobe- 
non  natural  to  the  solid  is  restored.  The  same  mode  of  reasoning  was 
applied  by  Dr  Black  to  the  converrion  of  liquids  into  vapours,  during 
which  change  a  large  quantity  of  caloric  disappears. 

A  different  explanation  of  these  phenomena  was  proposed  by  Dr 
Irvine.  Observing  that  a  solid  has  a  less  capacity  for  caloric  than  the 
same  substance  when  in  a  liquid  state,  he  argued  that  this  circum- 
staace  alone  accounts  for  calorie  becoming  insensible  during  liquefac- 
fioii.  For  since  the  capacity  of  ice  and  water  for  caloric,  or  in  other 
fvoids  the  quantity  of  heat  required  to  raise  their  temperature  by  the 
samo  number  of  degrees,  was  found  to  be  as  9  to  10,  Dr  Irvine  infer- 
red that  water  must  contain  one-ninth  more  caloric  tiian  ice  of  the 
same  temperature,  and  that  as  this  difference  must  be  supplied  to  the 
iee  vriien  it  is  converted  into  water,  this  change  must  necessarily  be 
accompanied  with  the  disappearance  of  calorie.  Dr  Irvine  applied  the 
same  argument  to  the  lique&ction  of  all  solids,  and  likewise  to  ac- 
eount  for  the  caloric  which  is  rendered  insensible  during  the  formation 
of  vapour. 

Two  objections  may  property  be  urged  against  the  opinion  of  Dr 
Irvine.  In  the  first  place,  qo  adequate  reason  is  assigned  for  the  li- 
quefaction. It  accounts  for  the  disappearance  of  caloric  which  ac- 
companies liquefaction,  but  does  not  explain  why  the  body  becomes 
liquid ;  Whereas  the  hypothesis  of  Dr  Black  affords  an  explanation  both 
of  the  change  itself,  and  of  the  phenomena  that  attend  it.  But  the 
second  objection  is  still  more  oonclusive.  Dr  Irvine  argued  on  the 
belief  that  a  liquid  has  in  every  case  a  greater  capacity  for  caloric  than 
when  in  the  solid  state  ;  and  though  &is  point  has  not  been'  demon- 
strsted  in  a  manner  entirely  decisive,  yet  irom  the  experiments  hith- 
erto made  it  appears  that  liquids  in  general  have  a  greater  specific  ca- 
loric than  »olid«,  and  that  thoreiore  Dr  Irvine's  assumption  is  probably 
correct.  In  like  manner  he  believed  vapours  to  have  a  greater  capa- 
city ibr  caloric  than  the  liquids  that  yield  tbem,  and  his  opinion  was 
supported  by  the  experiments  of  Crawford  on  the  specific  caloric  of 
water  and  watery  vapour.    But  no  reliance  whatever  can  be  placed  in 

•  Sir  Ch.  Blagden.  In  PltUoa,  Trams,  fur  1788, 
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the  researches  ef  Dr  Crawford  od  this  subject;  not  only  because  hia 
result  is  so  different  from  that  obtained  by  Delaroche  and  B^rard,  but 
because  all  his  other  experiments  on  the  specific  caloric  of  elastic  flu» 
ids  are  decidedly  erroneous.  (Page  46.)  Indeed  from  the  fact  of  most 
gases  having  a  less  specific  caloric  than  liquids,  it  is  probable  that  th& 
capacity  of  elastic  fiuids  in  general  far  caloric  is  inferior  to  tfiat  of  the 
liquids  from  which  they  are  derived*.  The  disappearance  of  caloric 
during  vaporization  is  therefore  not  explicable  on  the  views  of  Irvine; 
it  is  necessary  to  employ  the  theory  of  Dr  Black  to  account  for  that 
change,  and  therefore  the  same  doctrine  should  be  applied  to  the  ana- 
logous phenomsAon  of  liquefaction. 

In  speculating  on  the  cause  of  the  specific  caloric  of  bodies  at  page 
44,  I  had  recourse  to  the  doctrine  of  latent  or  combined  caloric.  Dr 
Black  restricted  the  use  of  this  hypothesis  to  explain  the  phenomenir 
of  liquefaction  and  vaporization ;  but  I  apprehend  it  may  be  applied 
without  impropriety  to  all  cases  where  caloric  passes  from  a  sensible 
to  an  insensible  state.  That  this  may  happen  when  caloric  enters  a 
body,  without  change  of  form,  is  easily  demonstrated.  Thus,  in  order 
to  raise  an  equal  weight  of  water  and  mercury  by  the  same  number  of 
degrees,  it  is  necessary  to  add  28  times  as  much  beat  to  the  water  as 
to  the  mercury ;  a  fact  which  proves  that  a  quantity  of  caloric  becomes 
insensible  to  the  thermometer  when  the  temperature  of  water  is  raised 
by  one  degi-ee»  jjust  as  happens  when  ice  is  converted  into  water,  or 
water  into  vapourf.  The  phenomena  are  in  this  point  of  view  iden- 
tical ;  and,  therefore,  the  same  mode  of  reasoning  by  which  one  of 
them  is  explained,  may  be  employed  to  account  for  the  other. 

The  disappearance  of  sensible  caloric  in  liquefaction  is  the  basis  oft 
many  artificial  processes  for  producing  cold.  All  of  them  are  con- 
ducted on  the  principle  of  liquefying  solid  substances  without  the  aid 
of  heat.  For  the  caloric  of  fluidity  being  then  derived  chiefly  from 
that  which  had  previously  existed  within  the  solid  itself  in  a  sensible 
state,  the  temperature  necessarily  falls.  The  degree  of  cold  thus  pro- 
duced depends  upon  the  quantity  of  caloric  which  disappears,  and  this 
again  is  dependent  on  the  quantity  of  solid  liquefied,  and  the  rapidity 
of  liquefaction. 

The  most  common  method  of  producing  cold  is  by  mixing  together 
equal  parts  of  snow  and  salt.  The  salt  causes  the  snow  to  melt  by 
reason  of  its  affinity  for  water,  and  the  water  dissolves  the  salt,  so  that 
both  of  them  become  liquid.  The  cold  thus  generated  is  32  degrees 
below  the  temperature  of  freezing  water;  that  is,  a  thermometer 
placed  in  the  mixture  would  stand  at  zero.  This  is  the  way  originally 
proposed  by  Fahrenheit  for  determining  the  cemmencement  of  his 
scale. 

Any  other  substances  which  have  a  strong  affinity  for  water  may 
be  substituted  for  the  salt ;  and  those  have  the  greatest  effect  in  pro- 
ducing cold  whose  affinity  for  that  liquid  is  greatest,  and  which  con- 
sequently produce  the  most  rapid  liquefaction.  The  crystallized  mu- 
riate of  lime,  proposed  by  Lowitz,  is  by  far  the  most  convenient  in 
practice.  This  salt  may  be  made  by  dissolving  marble  in  muriatic 
acid.  The  solution  should  "be  concentrated  by  evaporation,  till  upon 
lettine  a  drop  of  it  fall  upon  a  cold  saucer,  it  becomes  a  solid  mass. 
It  should  then  be  withdrawn  from  the  fire,  and  when  cold  be  speedily 
reduced  to  a  fine  powder.    From  its  extreme  deliquescence  it  must 


*  See  note,  page  46,  relating  to  this  point.    B. 

t  See  note,  p.  44»  where  this  view  of  the  subject  is  controverted.    B. 
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be  preserved  in  well-stopped  reesels.  The  fotlowing  table,  from  Mr 
Walker's  paper  in  the  PhiloBophical  Trftosaetions  for  1801«  coDtains 
the  best  proportions  for  producing  intense  cold. 

Frigorific  Mixtures  wUh  Snow*. 

Thermometer  emiu  ^grte  0/  Cold 
^produced. 

to^6» 


MIZTURSS. 

Farts  by  Weight. 
Muriate  of  Soda                     1 
Snow                                      2 

Muriate  of  Soda 
Muriate  of  Ammonia 
Snow 

2 

1 
5 

Muriate  of  Soda 
Muriate  of  Ammonia 
Nitrate  of  Potassa 
Snow 

10 
5 
5 

24 

Muriate  of  Soda 
Nitrate  of  Ammonia 
Snow 


to  — 12* 


to  —  IS" 


to  —  ! 


fOnuted  Sulphuric  Add         Hf^„j  +  32°to-+-23« 


65  degrees. 


Concentrated  Muriatic  Acid    5^^^  .  ^  to  —  2^ 
Snow  01  ' 


69 


Snow  °^*^*  ^'^***"  ^*^^      7  fiom  -+-  32»  to  -  30' 


Muriate  of  lime 
Snow 


^from-+-S2°to  — 40« 


72 


Crystallized  Muriate  of  Lime  ||from+  32'*  to  —  60° 


Saow 


82 


Fused  Potassa 
Snow 


ifrom-+-82°to  — 6P     88 
01  1 


But  freezing  mixtures  may  be  made  by  the  rapid  solution  of  salts» 
without  the  use  of  snow  or  ice ;  and  the  following  table,  taken  from 
Walker's  paper  in  the  Philos.  Trans,  for  1795,  includes  the  most  im- 
portant of  them.    The  salts  must  be  finely  powdered  and  dry. 


*  Hie  snow  shookl  be  freshly  fiillen,  dry  and  uncompressed.  If 
snow  eannot  be  had,  finely  pounded  ice  may  be  substituted  for  it. 

t  Made  of  strong  acid,  dUuted  with  half  its  weij^t  of  snow  or  distil. 
led  water. 


E  2 
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Caloric 


MXZTURKfl. 

Parte  by  Weight. 
Muriate  of  Ammonia               5 
Nitrate  of  Potasaa                    5 
Water                                     16 

Temperature  falls 
from +  60*' to +  10° 

Degree  of  Cold 
produced. 

40  degrees. 

Muriate  of  Ammooia 
Nitrate  of  Potasaa 
Sulphate  of  Soda 
Water 

6 
5 

8 
16 

from -+-60*  to +4° 

46 

Nitrate  of  Ammooia 
Water 

1 

1 

from-+-60°to-+-4*» 

46 

Nitrate  of  Ammonia 
Carbonate  of  Soda 
Water 

'   1 

1 
1 

from-+-60Mo  — 7« 

67 

Sulphate  of  Soda 
Diluted  Nitrous  Acid* 

8 
2 

from-h60°to  — 3* 

63 

Sulphate  of  Soda 
Muriate  of  Ammonisk 
Nitrate  of  Potasaa 
DUuted  Nitrous  Acid 

6 
4 
2 

4 

from-hSO'to  — 10° 

60 

Sulphate  of  Soda 
Nitrate  of  Ammonia 
Diluted  Nitrous  Acid 

5 
4 

from+SOMo— U** 

64 

Phosphate  of  Soda 
Diluted  Nitrous  Acid 

I 

from+MMo  — 12° 

62 

Phosphate  of  Soda 
Nitrate  of  Ammonia 
Diluted  Nitrous  Acid 

9 
6 
4 

from-hSO'to  — 21° 

71 

Sulphate  of  Soda 
Muriatic  Acid 

8 
5 

from-+-60°to      0° 

60 

Sulphate  of  Soda 
Diluted  Sulphuric  Acidf 

6 

4 

from+SO^to  +  S" 

47 

These  aritfictal  processes  for  generating  cold  are  much  more  effec- 
tual when  the  materials  are  previously  cooled  by  immersion  in  other 
frigorific  mixtures.  One  would  at  first  suppose  that  an  unlimited 
degree  of  cold  may  be  thus  produced ;  but  it  is  found  that  when  the 
difference  between  the  mixture  and  the  air  becomes  very  great,  calo* 
ric  is  so  rapidly  communicated  from  one  to  the  other,  as  to  limit  the 
reduction  to  a  certain  point.  The  greatest  cold  produced  by  Mr 
Walker,  did  not  exceed  100  degrees  below  the  zero  of.Fahrenheit. 

Though  it  is  unlikely  that  we  shall  ever  succeed  in  depriving  any 
substance  of  all  its  caloric,  it  is  presumed  that  bodies  do  contain  a  cer- 
tain definite  quantity  of  this  principle,  and  various  attempts  have  been 
made  to  calculate  its  amount.  The  mode  of  conducting  such  a  cal- 
culation may  be  shown  by  the  process  of  Dr  Irvine.  That  ingenious 
chemist  proceeded  on  the  assumption,  that  the  actual  quantity  of  ca- 
loric in  bodies  is  proportioned  to  their  capacity,  and  that  the  capacity 


*  Composed  of  fuming  nitrous  acid  two  parts  in  weight  and  one  of 
water,  the  mixture  being  allowed  to  cool  before  being  used. 

t  Composed  of  equal  weights  of  strong  acid  and  water,  bemg  allow- 
ed  to  cool  before  use« 


remftim  the  same  at  all  temperatures,  provided  no  change  of  form 
takes  place.  .  Thus,  as  the  capacity  of  ice  is  to  that  of  water  as  9  to 
10,  it  follows,  according  to  the  hypothesis,  that  water  at  32°  must 
lose  1-lOth  of  its  caloric  to  be  converted  into  ice*.  Now  Dr  Black 
ascertained  that  this  tenth,  which  is  the  caloric  of  fluidity,  is  equal 
to  140  degrees ;  whence  it  was  inferred  that  water  at  32**  contains  10 
times  140  or  1400  degrees  of  caloric. 

To  be  satisfied  that  such  calculations  cannot  be  trusted,  it  is  suffi- 
cient to  know,  that  the  estimates  made  by  different  chemists  respect- 
ing the  absolute  quantity  of  caloric  in  water  vary  from  900  to  nearly 
SOOOf.  Besides,  even  did  the  estimates  agree  With  one  another,  the 
principle  of  the  calculation  would  still  be  unsatisfactory ;  for,  in  the 
first  place,  there  is  no  proof  that  the  quantity  of  heat  in  bodies  is  in 
the  ratio  of  their  capacities  ;  and,  secondly,  the  assumption  that  the 
capacity  of  a  body  for  caloric  is  the  same  at  all  temperatures,  so  long 
as  it  does  not  experience  a  change  of  form,  has  been  proved  to  be 
erroneous  by  the  experiments  of  Dulong  and  Petit* 

F^aporization. 

Aeriform  substances  are  commonly  divided  into  vapours  and  gase#. 
The  character  of  the  former  is,  that  they  may  be  readily  converted 
into  liquids  or  solids,  either  by  a  moderate,  increase  of  pressure,  the 
temperature  at  which  they  were  formed  remaining  the  same,  or  by  a 
moderate  diminution  of  that  temperature,  without  change  of  pressure. 
Gases,  on  the  contrary,  retain  their  elastic  state  more  obstinately ; 
they  are  always  gaseous  at  common  temperatures,  and,  with  one  or 
two  exceptions,  cannot  be  made  to  change  their  form,  unless  by  being 
subjected  to  much  greater  pressure  than  they  are  naturally  exposed  to. 
Several  of  them,  indeed,  have  hitherto  resisted  every  effort  to  com- 
press them  into  liquids.  The  only  difference  between  gases  and  va- 
pours is  in  the  relative  forces  with  which  they  resist  condensation. 

Caloric  appears  to  be  the  cause  of  vaporization,  as  well  as  of  lique- 
fection,  and  it  is  a  general  opinion  that  a  sufficiently  intense  heat  would 
convert  every  liquid  and  solid  into  vapour.  A  considerable  number 
of  bodies,  however,  resist  the  strongest  heat  of  our  furnaces  without 
vaporizing.  These  are  said  to  be  fixed  in  the  fire ;  those  which,  un- 
der the  same  circumstances,  are  converted  into  vapour,  are  called 
volatile. 

The  disposition  of  various  substances  to  yield  vapour  is  very  differ-* 
ent ;  and  the  difference  depends  doubtless  on  the  relative  power  of  co- 
hesion with  which  they  are  endowed.  Fluids  are,  in  general,  more 
easily  vaporized  than  solids,  as  would  be  expected  from  the  weaker 
cohesion  of  the  former.  Some  solids,  such  as  arsenic  and  sal-ammo- 
niac, pass  at  once  into  vapour  wifhout  being  liquefied ;  but  most  of 
them  become  liquid  before  assuming  the  elastic  condition. 

Vapours  occupy  more  space  than  the  substances  from  which  they 
ivere  produced.    According  to  the  experiments  of  Gay-Lussac,  water, 


*  A  slight  inaccuracy  existed  in  the  author's  text  in  this  place,  which 
I  have  taken  the  liberty  to  correct.  It  is  evident  that  10  is  not  1-lOth 
more  than  9.,  Another  inaccuracy  relating  to  the  same  subject  was 
correcte4in  the  account  of  Dr  Irvine's  views  (page  61)  where  4n  the 
original  it  was  stated  that  water  contained  "  ten  time$  more  caloric 
than  ice  of  the  same  temperature."    B. 

t  Dalton's  New  System  of  Chemical  Philosophy. 
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ftt  Its  point  of  greatest  density,  in  passfng  into  vapour,  expands  to 
1696  times  its  volume,  alcohol  to  659  times,  and  ether  to  443  times, 
each  vapour  being  at  a  temperature  of  212°  F.  and  under  a  pressure 
of  29*92  inches  of  mercury.  This  shows  that  vapours  differ  in  density. 
Watery  vapour  is  lighter  than  air  at  the  same  temperature  and  pressure, 
in  the  proportion  of  1000  to  1604 ;  or  the  density  of  air  being  1000, 
that  of  watery  vapour  is  623.  The  vapour  of  alcohol,  on  the  contrary* 
b  half  as  heavy  again  as  air ;  and  that  of  ether  is  more  than  twice  and 
a  half  as  heavy.  As  alcohol  boils  at  a  lower  temperature  than  water, 
and  ether  than  alcohol,  it  was  fconceived  that  the  density  of  vapours 
might  be  in  the  direct  ratio  of  the  volatility  of  the  liquids  which  pro- 
duced them.  But  Gay-Lussac  has  shown  that  this  law  does  not  hold 
generally ;  for  the  carburet  of  sulphur  boils  at  a  higher  temperature 
than  ether,  and  nevertheless  it  yields  the  heavier  vapour. 

The  dilatation  of  vapours  by  heat  was  found  by  Gay-Lussac  to  fol- 
low the  same  law  as  gases,  that  is,  for  every  degree  of  Fahrenheit, 
they  increase  by  l-48eth  of  the  volume  they  ocoapied  at  32°.  But 
the  law  does  not  hold  unless  the  quantity  of  vapour  continues  the 
same.  If  the  increase  of  temperature  cause  a  fresh  portion  of  vapour 
to  rise,  tlien  the  expansion  will  be  greater  than  l-480th,  for  each  de- 
gree ;  because  the  heat  not  only  dilates  the  vapour  previously  existing 
to  the  same  extent  as  if  it  were  a  realgas,  but  augments  its  bulk  by 
adding  a  fresh  quantity  of  vapour.  The  contraction  of  a  vapour  on 
cooling  will  likewise  deviate  from  the  above  law,  whenever  the  cold 
converts  any  of  it  into  a  liquid — an  effect  which  must  happen,  if  the 
space  had  originally  contained  its  maximum  of  vapour.  Thus  aque- 
ous vapour  at  32*'  supports  a  column  of  only  0*2  of  ati^inch,  while  at 
212**  its  elasticity  is  equal  to  a  pressure  of  30  inches  of  mercury. 
Hence  the  elastic  force  or  expansion  of  watery  vapour  between  82** 
and  212°,  supposing  the  space  to  be  in  a  state  of  saturation,  is  as  1  to 
150. 

Yaporization  is  conveniently  studied  under  two  heads, — ShuUition 
and  Evaporation,  In  the  first,  the  production  of  vapour  is  so  rapid 
that  its  escape  gives  rise  to  a  visible  commotion  in  the  liquid :  in  the 
second,  it  passes  off"  quietly  and  insensibly. 

Ebullition. 

The  temperature  at  which  vapour  rises  with  sufficient  freedom  for 
causing  the  phenomena  of  ebullition,  is  called  the  boiling  point. 
The  heat  requisite  for  this  effect  varies  with  the  nature  of  the  fluid. 
Thus,  sulphuric  ether  boils  at  96°  F.  alcohol  at  178**,  and  pure  water 
at  212** ;  while  oil  of  turpentine  must  be  raised  to  816**,  and  mercury 
to  680°  before  either  exhibits  marks  of  ebullition.  The  boiling  point 
of  the  same  liquid  is  constant,  so  long  as  the  necessary  conditions  are 
preserved ;  but  it  is  liable  to  be  affected  by  several  circumstances. 
The  nature  of  the  vessel  has  some  influence  upon  it.  Thus,  Gay- 
Lussac  observed  that  pure  water  boils  precisely  at  212**  in  a  metallic 
vessel,  and  at  214°  in  one  of  glass.  It  is  likewise  affected  by  the 
presence  of  foreign  particles.  The  same  accurate  experimenter 
found,  that  when  a  few  iron  filings  are  thrown  mto  water  boiling  in  a 
glass  vessel,  its  temperature  quickly  falls  from  214°  to  212%  and  re- 
mains stationary  at  the  last  point.  But  the  circumstance  which  has 
the  gieatest  influence  over  the  boiling  point  of  fluids  is  variation  of 
pressure.  All  bodies  upon  the  earth  are  constantly  exposed  to  con- 
siderable pressure;  for  the  atmosphere  itself  presses  with  a  force 
equivalent  to  a  wei^t  of  15  pounds  on  eveiy  square  inch  of  wu&ce. 
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Liquids  are  exposed  to  this  pressure  as  well  as  solids,  and  their  ten- 
dency to  take  the  form  of  vapocir  is  very  much  counteracted  bv  it. 
In  fact  they  cannot  enter  into  ebullition  at  all,  till  their  particles  nave 
acquired  such  an  elastic  force  as  enables  them  to  overcome  the  pres- 
sure upon  their  surfaces  ;  that  is,  till  they  press  against  the  atmos- 
phere with  the  same  force  as  the  atmosphere  against  them.  Now 
the  atmospheric  pressure  is  variable,  and  hence  it  follows  that  the 
boitiog  point  of  liquids  must  also  vary. 

The  only  time  at  which  the  pressure  of  the  atmosphere  is  equal  to  a 
weight  of  16  pounds  on  every  square  inch  of  surface,  is  when  the 
barometer  stands  at  30  inches,  and  then  only  does  water  boil  at  212^ 
F.  If  the  pressure  be  less,  that  is,  if  the  barometer  fall  below  80 
inches,  then  the  boiling  point  of  water,  and  every  other  liquid  will  be 
lower  than  usual ;  or  if  the  barometer  rises  above  SO  inches,  the  tem- 
perature of  ebullition  will  be  proportionally  increased.  This  is  the 
reason  why  water  boils  at  a  lower  temperature  on  the  top  of  a  hill 
than  in  the  valley  beneath  it ;  for  as  the  column  of  air  diminishes  in 
length  as  we  ascend,  its  pressure  must  likewise  sufifer  a  proportional 
diminution.  The  ratio  between  the  depression  of  the  boiling  point 
and  the  diminution  of  the  atmospherical  pressure  is  so  exact,  that  it 
has  been  proposed  as  a  method  for  determining  the  heiehts  of  moun- 
tains*. An  elevation  of  530  fedt  makes  a  diminution  of  one  degree  of 
Fahrenheit. 

The  influence  of  the  atmosphere  over  the  point  of  ebullition  is  best 
shown  by  removing  its  pressure  altogether.  The  late  Professor 
Robinson  found  that  fluids  boil  in  vacuo  at  a  temperature  140  degrees 
lower  than  in  the  open  airt.  Thus  water  boils  in  vacuo  at  72°,  alcohol 
at  33^  and  ether  at  —44°  F.  This  proves  that  a  liquid  is  not  necessa- 
rily hot,  because  it  boils.  The  heat  of  the  hand  is  sufficient  to  make 
water  boil  in  vacuo,  as  is  exemplified  by  the  common  pulse-g[las8 ; 
and  ether,  under  the  same  circumstances*  will  enter  into  ebuUition» 
though  its  temperature  is  low  enough  for  fieezing  mercury. 

Water.cannot  be  heated  under  common  circumstances  beyond  212°, 
because  it  then  acquiies  such  an  expansive  force  as  enables  it  to 
overcome  the  atmospheric  pressure,  and  fly  oflf  in  the  form  of  vapour. 
But  if  subjected  to  sufficient  pressure,  it  may  be  heated  to  any  extent 
without  boiliog.  This  is  best  done  by  heating  water  while  confined 
in  a  strong  copper  vessel,  called  Papin's  Digester.  In  this  apparatu^ 
on  the  application  of  heat,  a  large  quantity  of  vapour  collects  above 
the  water,  which  checks  the  ebullition  by  the  pressure  it  exerts  upon 
the  surface  of  the  liquid.  There  is  no  limit  to  which  water  may  be 
heated  in  this  way,  provided  the  vessel  is  strong  enough  to  confine 
the  vapour ;  but  the  expansive  force  of  steam  under  these  circum- 
etanc'es  is  so  enormous  as  to  overcome  the  greatest  resistance. 

In  estimating  the  power  of  steam,  it  should  be  remembered  that  va- 
pour, if  separated  from  the  liquid  which  produced  it,  does  not  possess 
a  greater  elasticity  than  an  equal  quantity  of  air.  If,  for  example,  the 
digester  was  full  of  steam  at  212°,  no  water  in  the  liquid  state  being 
present,  it  may  be  heated  to  any  degree,  even  to  redness,  without 
danger  of  bursting.  Bift  if  water  be  present,  then  each  addidon  of 
caloric  causes  a  fresh  portion  of  steam  to  rise,  which  adds  its  own 
elastic  force  to  that  of  the  vapour  previously  existing ;  and  in  conse- 


♦  Wollaston  in  Phil.  Trans.  1817. 
t  Black's  Lectures,  p.  151. 
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quenoe  an  exeeisiTe  pressure  is  soon  exerted  against  the  inside  of  the 
vessel.  Professor  Robison  (Brewster's  edition  of  his  works,  p.  25) 
feond  that  the  tension  of  steam  is  equal  to  two  atmospheres  at  244" 
F.  and  to  three  at  270°  F.  The  results  of  Mr  Southern's  experiments, 
given  in  the  same  volume,  fix  upon  250-8"  F.  as  the  temperature  at 
wUch  steam  has  the  force  of  two  atmospheres,  on  288*4"  F.  for  four, 
aad  348*6"  F.  for  eight  atmospheres. 

The  elasticity  of  %team  is  employed  as  a  moving  power  in  the  steam- 
engine.  The  construction  of  this  machine  depends  on  two  properties 
of  steam,  namely,  the  expansive  force  communicated  to  it  by  caloric, 
and  its  ready  conversion  into  water  by  cold.  The  effect  of  both  these 
properties  is  well  shown  by  a  little  instrument  devised  by  Dr  Wollas- 
ton.  It  consists  of  a  cylindrical  glass  tube,  six  inches  long,  nearly  an 
inch  wide,  and  blown  out  into  a  spherical  enlargement  at  one  end.  A 
piston  is  accumtely  fitted  to  the  cylinder,  so  as  to  move  up  and  down 
the  tube  with  freedom.  When  the  piston  is  at  the  bottom  of  the  tube, 
it  is  forced  up  by  causing  a  portion  of  water,  previously  placed  in  the 
ball,  to  boil  by  means  of  a  spirit-lamp.  On  dipping  the  ball  into  oold 
water,  the  steam  which  occupies  the  cylinder  is  suddenly  condensed, 
and  the  piston  forced  down  by  the  pressure  of  the  air  above  it.  By 
^  alternate  application  of  heat  and  cold,  the  same  movements  are  re* 
produced,  and  may  be  repeated  for  any  length  of  time. 

The  moving  power  of  the  steam  engine  is  the  same  as  in  thia  appa- 
ratus. The  only  essential  difference  between  them  is  in  the  mode  of 
condensing  the  steam.  In  the  steam-engine,  the  steam  is  condensed 
in  a  separate  vessel  called  the  €onden»er,  where  there  is  a  regular  sup- 
ply of  cold  water  for  the  purpose.  By  this  contrivance,  which  consti- 
tutes the  great  improvement  of  Watt,  the  temperature  of  the  cylinder 
never  falls  below  212". 

The  formation  of  vapour  is  attended,  like  liqueAustlen,  with  a  loss  of 
aensible  caloric.  This  is  proved  by  the  well-known  fact  that  the  tem- 
perature of  steam  is  precisely  the  same  as  that  of  boiling  water 
from  which  it  rises ;  so  that  all  the  caloric  which  enters  into  the  liquid 
Is  solely  emplojred  in  converting  a  portion  of  it^nto  vapour,  without  af- 
fecting the  temperature  of  either  in  the  slightest  degree,  provided  the 
latter  is  permitted  to  escape  with  freedom.  The  caloric  which  then 
becomes  latent,  to  use  the  language  of  Dr  Black,  is  again  set  free  when 
the  vapour  is  condensed  into  water.  The  exact  quantity  of  caloric 
rendered  insensible  by  vaporization,  may  therefore  be  ascertained  by 
condensing  the  vapour  in  cold  water,  and  observing  the  rise  of  tem- 
perature occasioned  by  it.  From  the  experiments  of  Dr  Black  and 
Mr  Watt,  conducted  on  this  principle,  it  appears  that  steam  of  212",  in 
being  condensed  into  water  of  212°,  gives  out  as  much  caloric  as  would 
raise  the  temperature  of  an  equal  weight  of  water  by  950  degrees,  all 
of  which  had  previously  existed  in  the  vapour  without  being  sensible 
to  a  thermometer. 

The  latent  heat  of  steam  and  several  other  vapours  has  been  exam- 
ined by  Dr  Ure*,  whose  results  are  contained  in  the  following  table. 

.  Latent  Heat. 
Vapour  of  Water  at  its  boiling  point  .  967" 

Alcohol  .  442 

Ether  .  .  802.879 

Petroleum  .  177.87 
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LaieniHeai. 

Vapoorof  Oil  oflorpeatiae  •  .  177.87 

Nitric  tcid  .  .  631.00 

Liquid  tmnioiiia  •  .  887.^ 

Vinegar  •  .  875 

The  disappearance  of  caloric  that  accompanlea  iFaporiKatioii  was  es* 
plained  by  Or  Blade  and  Dr  Irvine,  in  the  way  already  mentieMd  on* 
der  die  bead  of  liqae&ction ;  and  as  the  objectione  to  the  vlewe  of  the 
latter  ingenioue  chemist  were  then  staged,  it  iannnerenaiy  to  nentioB 
theoi  on  the  present  occasion. 

Evaporation. 

Evapention  as  weHaftebnIlition  consists  in  tiie  formi^on  of  vapoaiv 
and  the  only  assignable  difference  between  them  is,  that  the  one  takes 
place  quietly,  the  other  with  the  appearance  of  boiling.  Evaporation 
takes  piac«  at  common  temperatures,  as  may  be  proved  by  exposing 
water  in  a  shallow  vessel  to  the  ahr  for  a  few  days,  when  it  will  gmdnaUy 
dimiaish,  and  at  last  disappear  entirely.  Most  fluids.  If  not  all  of  them, 
are  susceptible  of  this  gradual  dissipation ;  and  it  may  also  be  observed 
io  some  solids,  as  for  example  in  camphor.  Evaporation  is  much  more 
rapid  in  some  fluids  than  In  othera,  and  it  is  always  found  that  those 
liqaids,  whose  boiling  point  is  lowest,  evaporate  with  the  greatest  ra- 
pidity. Thus  alcohol,  which  boils  at  a  lower  temperature  than  water, 
evaporates  also  more  freely ;  and  ether,  whose  point  of  ebullition  is  yet 
lower  than  that  of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  diat  influence  the  process  of  evaporation 
are  extent  of  surface,  and  the  state  of  the  air  as  to  temperature,  dry- 
ness, stillness,  and  density. 

1.  Extent  of  smftce.  Evaporation  proceeds  only  from  the  swfiiee 
of  fluids,  and  therefore,  eaterU  paribu$t  must  depend  upon  the  extent 
of  sur&ce  exposed. 

2.  Temperature.  The  eflect  of  heat  in  promoting  evaporation  may 
easily  be  shown  1^  putting  an  equal  quantity  of  water  into  two  saucers, 
one  of  which  is  placed  in  a  warm,  the  other  in  a  cold  situation.  The 
former  will  be  quite  dry  before  the  latter  has  soflfered  an  appreciable 
diminution. 

8.  State  of  the  air  as  to  dryness  or  moisture.  When  water  is  co- 
vered by  a  stratum  of  dry  air,  the  evaporation  is  rapid  even  when  its 
temperature  is  low.  Thus  in  some  dry  cold  days  in  winter,  the  eva* 
potation  is  exceedingly  rapid ;  whereas  it;  goes  on  very  tardily,  if 
the  atmosphere  contaius  much  vapour,  even  though  the  air  be  very 
warm* 

4.  Evaporation  is  far  slower  in  still  air  than  in  a  current,  and  for  an 
obvious  reason.    The  air  immediately  in  contact  with  the  water  soon 

.becomes  moist,  and  thus  a  check  is  put  to  evaporation. '  But  if  the 
air  is  removed  from  the  surface  of  the  water  as  soon  as  it  has  become 
charged  with  vapour,  and  its  place  supplied  with  fresh  dry  air,  then 
the  evaporation  continues  without  interruption. 

5.  Pressure  over  the  surface  of  liquids  has  a  remarkable  influence 
over  evaporation.  This  4b  easily  proved  by  placing  ether  in  the  va- 
cuum of  an  air  pump,  when  vapour  rises  so  abundantly  as  to  produce 
ebullition. 

As  a  large  quantity  of  caloric  passes  from  a  sensible  to  an  insensible 
state  during  the  formation  of  vapour,  it  follows  that  cold  should  be 
generated  by  evaporation.  A  very  simple  experiment  will  prove  it. 
If  a  few  drops  of  ether  be  allowed  to  fall  upon  the  hand,  a  strong  sen- 
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sation  of  cold  will  be  excited  during  the  evaporation  •  or  if  the  bulb 
of  a  thermometer,  covered  with  lint,  be  moistened  with  ether,'  the  pro- 
duction of  cold  will  be  marked  by  the  descent  of  the  mercury.  But 
to  appreciate  the  degree  of  cold  which  may  be  produced  by  evapora- 
tion, it  is  necessary  to  render  it  very  rapid  and  abundant  by  artificial 
processes  ;  and  the  best  means  of  doing  so,  is  by  removing  pressure 
from  the  surface  of  volatile  liquids.  Water  placed  under  the  exhausted 
receiver  of  an  air-pump,  evaporates  with  great  rapidity,  and  so  much 
cold  is  generated  as  would  freeze  the  water,  did  the  vapour  continue 
to  rise  for  some  time  with  the  same  velocity.  But  the  vapour  itself 
soon  fills  the  vacuum,  and  retards  the  evaporation  by  pressing  upon 
the  surface  of  the  water.  This  difficulty  may  be  avoided  by  putting 
under  the  receiver  a  substance,  such  as  sulphuric  acid,  which  has  the 
property  of  absorbing  watery  vapour,  and  consequently  of  refnoving  it 
as  quickly  as  it  is  formed.  Such  is  the  principle  of  Mr  Leslie's  method 
for  freezing  water  by  its  own  evaporation*. 

The  action  of  the  cryophorus,  an  ingenious  contrivance  of  Dr 
WoUaston,,  depends  on  the  same  principle.  It  consists  of  two  elass 
balls,  perfectly  free  from  air,  and  joined  together  by  a  tube  as  here 
represented. 
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One  of  the  balls  contains  a  portion  of  distilled  water,  while  the 
other  parts  of  the  instrument,  which  appear  empty,  are  full  of  aqueous 
vapour,  which  checks  the  evaporation  from  the  water  by  the  pressure 
it  exerts  upon  its  surface.  But  when  the  empty  ball  is  plunged  into  a 
freezing  mixture, all  the  vapour  within  it  is  condensed;  evaporation 
commences  from  the  surface  of  the  water  in  the  other  ball,  and  it  is 
frozen  in  two  or  three  minutes  by  the  cold  thus  produced. 

Liquids  which  evaporate  more  rapidly  than  water,  cause  a  still 
greater  reduction  of  temperature.  The  cold  produced  by  the  evapora- 
tion of  ether  in  the  vacuum  of  the  air-pump,  is  so  intense  as  under 
favourable  circumstances  to  freeze  mercury  f. 

Scientific  men  have  differed  concerning  the  cause  of  evaporation. 
It  was  once  supposed  to  be  owing  to  a  chemical  attraction  between 
the  air  and  water,  and  the  idea  is  at  first  view  plausible,  since  a  cer- 
tain degree  of  affinity  does  to  all  appearance  exist  between  them.  But 
it  is  nevertheless  impossible  to  attribute  t^e  effect  to  this  cause.  For 
evaporation  takes  place  equally  in  vacuo  as  in  the  air ;  nay,  it  is  an  es- 
tablished fact,  that  the  atmosphere  positively  retards  the  process,  and 
that  one  of  the  best  means  of  accelerating  it,  is  by  removing  the  air 
altogether.  The  experiments  of  Mr  DaUon  prove  that  caloric  is  the 
true  and  only  cause.of  the  formation  of  vapour.  He  finds  that  the 
actual  quantity  of  vapour  which  can  exist  in  any.  given  space,  is  depen- 
dent solely  upon  the  temperature.  If,  for  instance,  a  little  water  be 
put  into  a  dry  glass  flask,  a  quantity  of  vapour  will  be  formed  propor- 
tional to  the  temperature.    If  a  thermometer  placed  in  it  stands  at  82° 


*  See  art.  Cold  in  the  Supplement  to  the  Encyclopedia  Britannica. 
t  See  a  paper  by  the  late  Dr  Marcet,  in  Nicholson's  Journal,  vol. 
xxxiv. 


CalaHc.  61 

T,  the  flask  will  contain  a  very  small  qoantity  of  vapour.  At  40*, 
more  vapour  will  exist  in  it^  at  60^  it  will  contain  still  more  ;  and  at 
60^,  the  quantity  will  be  still  further  augmented.  If,  when  the  ther- 
mometisr  is  at  60°,  the  temperature  of  the  flask  is  suddenly  reduced  to 
40%  then  a  certain  portion  of  vapour  will  be  converted  into  water ;  the 
quantity  which  retains  the  elastic  form  being  precisely  the  same  as 
when  the  temperature  was  originally  at  40°. 

It  matters  not  with  regard  to  these  changes,  whether  the  flask  is  full 
of  ^r,  or  altogether  empty ;  for  in  either  case,  it  will  eventually  con- 
tain the  same  quantity  of  vapour,  when  the  thermometer  is  at  the 
same  height.  The  only  effect  of  a  diflerence  in  this  respect,  is  in  the 
rapidity  of  evaporation.  The  flask,  if  previously  empty,  acquires  its 
full  complement  of  vapour,  or,  in  common  language,  becomes  saturat- 
ed with  it,  in  an  instant ;  whereas  the  presence  of  air  affords  a  mechani- 
cal impediment  to  its  passage  from  one  part  of  the  flask  to  another, 
and  therefore  an  appreciable  time  elapses  before  the  whole  space  is 
saturated. 

Mr  Dalton  found  that  the  tension  or  elasticity  of  vapour  u  always 
the  same,  however  much  the  pressure  may  vary,  so  long  as  the  tem- 
perature remains  constant,  and  liquid  enough  is  present  for  preserving 
the  state  of  saturation  proper  to  the  temperature.  If,  for  example,  in 
a  vessel  containing  a  liquid,  the  space  occupied  by  its  vapour  should 
suddenly  dilate,  the  vapour  it  contains  will  dilate  also,  and  conse- 
quently suffer  a  diminution  of  elastic  force;  but  its  tension  will  be 
quickly  restored,  because  the  liquid  yields  an  additional  quantity  of  va- 
pour, proportional  to  the  increase  of  space.  Again,  if  the  space  be 
diminished,  the  temperature  remaining  constant,  the  tension  of  the 
confined  vapour  will  still  continue  unchanged ;  because  a  quantity  of 
it  vyill  be  condensed  proportional  to  the  diminution  of  space,  so  that, 
in  fact,  the  remaining  space  contains  the  very  same  quantity  of  vapour 
as  it  did  originally.  The  saniie  law  holds  good  whether  the  vapour  is 
pore  or  mixed  with  air  or  any  other  gas. 

The  elasticity  of  watery  vapour  at  temperatures  below  212''  F.  was 
carefully  examined  by  Mf  Dalton ;  (Manchester  Memoirs,  vol.  v.)  and 
his  results,  together  with  those  since  obtained  by  Dr  Ure*,  are  pre- 
sented in  a  tabular  fprm  at  the  end  of  the  volume.  They  were  ob- 
tained by  introducing  a  portion  of  water  into  the  vacuum  of  a  common 
barometer,  and  ekimating  the  tension  of  its  vapour  by  the  extent  to 
which  it  depressed  the  column  of  mercury  at  different  temperatures. 
But  Mr  Dalton  did  Bot  confine  his  researches  to  water ;  he  extended 
them  to  the  vapourtof  various  liquids,  such  as  ether,  alcohol,  ammo-" 
nia,  and  solution  of  l^iuriate  of  lime,  and  inferred  from  them  die  follow- 
ing law : — That  the'force  of  vapour  from  all  liquids  is  the  same,  at 
equal  distances  above  oc  below  the  several  temperatures  at  which  they 
boil  in  the  open  air.  Thiis  steam  at  200°  F.  has  the  same  elasticity 
as  the  vapour  of  ether  at  85°,  the  boiling  point  of  the  former  being 
212°,  and  of  the  latter  9T,  Biot  and  Am^d^  Berthollet  (Blot,  Traite 
de  Ph.i.  282,)  have  found  that  this  law  applies  exactly  to  many  other 
liquids ;  but  some  experiments  by  Dr  Ure  on  the  oil  of  turpentine  knd 
pet^Ieum,  would  lead  to  the  conclusion  that  it  is  not  universal. 

It  is  easy,  on  this  principle,  to  account  for  the  elastic  force  of  the 

vapours  of  liquids,  whose  boiling  point  is  very  high,  being  inappreci- 

.  able  at  moderate  temperatures.    Thus  sulphuric  acid  boils  at  620°  F. 
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and  therefore  at  212%  thtt  U  408  ilegreeB  below  its  point  of  ebuiatttolf; 
the  elasticity  of  its  vapour  should  be  equal  to  that  of  aqueous  vapour 
at  —  196°,  or  408  degrees  below  the  boiling  point  of  water.  In  Jik« 
manner  mercury,  which  boils  at  680°,  yields  vapour  whose  elaatie 
force  at  212°  may  be  estimated  as  equal  to  that  of  watery  vapour  at 
—  266°,  or  468  degrees  below  the  point  at  which  water  enters  into 
ebullition.  According  to  the  same  law,  mercury  requires  a  tempera^ 
ture  of  500°,  or  180  degrees  below  its  boiling  point,  in  order  that  its 
vapour  should  have  the  same  tension  as  watery  vapour  at  82°.  From 
these  considerations  it  is  inferred,  that,  though  in  a  common  barometer . 
the  space  above  the  column  may  contain  a  little  mercurial  vapour,  and 
consequently  may  not  be  an  absolute  vacuum,  the  influence  of  that 
vapour  in  depressing  the  column,  even  at  considerable  tempenlures,  is 
altogether  inappreciable. 

It  admits  of  inquiry  whether  liquids  of  weak  volatility,  such  as  mer- 
cury and  oil  of  vitriol,  give  off  any  vapour  at  common  temperatures. 
An  opinion  has  prevailed,  that  evaporation  not  only  takes  place  firom 
the  surface  of  these  and  similar  liquids  at  all  times,  but  that  vapour  of 
exceedingly  weak  tension  is  emitted  at  common  temperatures  from 
all  substances  however  fixed  in  the  fire,  even  from  the  earths  and 
metals,  when  they  are  either  placed  in  a  vacuum,  or  surrounded  by 
gaseous  matter.  It  has  accordingly  been  supposed,  that  the  atmos* 
phere  contains  diffused  through  it  minute  quantities  of  Uie  vapours  of 
all  the  bodies  with  which  it  is  in  contact ;  and  this  idea  has  been 
made  the  basis  of  a  theory  of  the  origin  of  meteorites.  But  this 
doctrine  has  been  successfully  combated  by  Mr  Faraday  in  his  essay 
On  the  Existence  of  a  Limit  to  Vaporization,  published  in  the  Phi- 
losophical TransactioLS  for  1826.  The  argument  employed  by  Mr 
Faraday  is  founded  on  the  principle,  by  which  Dr  Wollaston  has  ac- 
counted for  the  limited  extent  of  the  -atmosphere.  Since  the  volume 
of  gaseous  substances  is  dependent  on  ttie  pressure  to  which  they  are 
subject,  the  air  in  the  higher  regions  of  tft^  atmosphere  must  be  much 
more  rare  than  that  in  the  lower,  because  the  former  sustains  the  pres- 
sure of  a  shorter  atmospheric  column  thaa*  the  latter ;  so  that  in  as- 
cending upwards  from  the  earth,  each  succes^ve  stratum  of  air,  being 
less  compressed  than  the  foregoing,  is  likeivisp -.more  attenuated. 
Now  it  is  found  experimentally  that  the  elasticii^>,or  tension  of  any 
gaseous  matter  diminishes  in  the  same  ratio  as  its  Volume  increases ; 
and,  accordingly,  whenever  the  tenuity  of  a  portijsn  of  air,  owing  to 
its  distance  from  the  earth's  surface  or  arty  other  cause,  is  exceedingly 

Seat,  its  tension  is  exceedingly  small.  Reasoning  on  this  principle, 
r  Wollaston  conceives  that  at  a  certain  altitude,  probably  at  a  dis- 
tanee  of  40  or  60  miles  from  the  surface  of  thc^arth,  the  rarefaction 
and  consequent  loss  of  elastic  force  is  soextrenft,  that  the  mere  gravity 
of  the  particles  becomes  equal  to  their  elasticity,  and  thus  puts  a  limit 
to  their  separation. 

What  Dr  Wollaston  suggests  of  aerial  particles,  Mr  Faraday  sap- 
poses  to  occur  in  all  substances;  and  this  supposition  is  perfectly 
legitimate^  because  gaseous  matter  in  general  is  subject  to  the  same  law 
of  expansion,  and  is  likewise  under  the  influence  of  gravity.  He  in- 
fers that  every  kind  of  matter  ceases  to  assume  the  elastic  form  when- 
ever the  gravitation  of  its  particles  is  stronger  than  the  elasticity  of  its 
vapour.  The  loss  of  tension  necessary  /or  effecting  this  object  may 
be  accomplished  in  two  ways,  either  by  extreme  dilatation,  or  by  cold. 
For  substances  of  great  volatility,  such  as  air  and  most  gases,  the 
former  is  necessary ;  because  the  degree  of  cold  which  we  can  com- 
mand at  the  earth's  surfiwse  diminishes  their  tension  in  a  degree  quite 
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insafficient  for  the  purpose.  But  the  volatilitj^f  innumerable  bodies 
IB  so  small,  that  their  vapour  at  common  temperatures  approximates 
in  rarity  to  the  air  at  the  limits  of  the  atmosphere,  and  a  small  degree 
of  cokd  may  suffice  fpr  rendering  its  elasticity  a  force  inferior  to  its  op- 
ponent, gravity.  In  that  case,  the  vapour  would  be  entirely  tionden- 
sed.  Mr  Faraday  found  that  mercury,  at  a  temperature  varying  from 
60*^  to  80°  yields  a  small  quantity  of  vapour,  but  in  winter  no  trace  of 
vapour  could  be  detected.  Hence  it  is  inferred,  that  at  the  former 
temperature  the  elasticity  of  mercurial  vapour  is  slightly  luperior  to  the 
gravity  of  its  particles,  and  that  in  cold  weather  the  latter  power  pre- 
ponderates, and  puts  an  entire  check  to  the  evaporation  of  mercury. 
The  earths  and  metals,  which  are  more  fixed  than  mercury,  have  va- 
pours of  such  feeble  tension,  that  the  highest  natural  temperature  is 
unable  to  convert  them  into  vapour.  Another  force  which  co-operates 
with  gravity  in  overcoming  elasticity  is  the  attraction  of  aggregation, 
or  the  attraction  exerted  by  a  sotldiOr  liquid  to  the  contiguous  particles 
of  the  same  substance  in  the  gaseous  form.  This  argument  affords 
very  sufficient  grounds  for  believing  that  the  vapours  of  earthy  and 
metallic  substances  are  never  present  in  the  atmosphere. 

The  presence  of  vapour  has  a  considerable  influence  over  the  bulk 
of  gases ;  and  as  chemists  often  find  it  convenient  to  determine  the 
quantity  of  gaseous  substances  by  measure,  it  is  important  to  estimate 
the  effect  thus  produced,  in  order  to  make  allowance  for  it.  The 
mode  by  which  a  vapour  acts  is  obvious.  If  a  few  drops  of  water  are 
tdded  to  a  portion  of  dry  air,  confined  in  a  glass  tube  (^ver  mercury, 
the  air  will  speedily  become  saturated  with  vapour,  and  must  in  con- 
sequence be  increased  in  bulk.  For  the  elastic  power  of  the  vapour 
being  added  to  that  previously  exerted  by  the  gas  alone,  the  mixture' 
will  necessarily  exert  a*  stronger  pressure  upon  the  mercury  that  con- 
fines it,  and  will  therefore  occupy  a  greater  space.  It  is  equally  clear 
that  the  degree  of  augmentation  will  depend  on  the  temperature;  for 
it  is  the  temperature  fAone  which  determines  the  tension  of  the  va- 
pour. 

As  the  elastity  of  vapour  is  not  at  all  affected  by  mere  admixture 
with  gases,  it  is  easy  to  correct  the  fallacy  to  which  its  presence  gives 
rise  by  means  of  the  data  furnished  by  the  experiments  of  Dalton. 
The  formula  for  the  correction  is  thus  deduced*.  Let  n  be  the  bulk 
of  dry  air  or  other  gas  expressed  in  the  degrees  of  a  graduated  tube ; 
p  the  tension  of  the  dry  air,  equal  to  the  atmospheric  pressure ;  n'  the 
bulk  of  the  air  when  saturated  with  wateryVapour,  and/ the  tension 
of  that  vapour. 

It  is  a  well-known  law  in  pneumatics  that  the  elasticity  of  a  gas  is 
inversely  as  its  volume ;  so  that,  when  the  dry  air  increases  in  bulk 
from  n  to  n',  its  elasticity  diminishes  in  the  ratio  of  n'  to  n.    Hence 

its  elasticity  ceases  to  be  =  p,  but  is  expressed  by  ^  ;  p  is  now 

pn  W 

=  "JJ/  H-/;  that  is,  the  elasticity  of  (he  dilated  air,  added  to  the  elas- 
.  icily  of  the  vapour  present,  is  equal  to  the  pressure  of  the  atmosphere. 
From  this  last  equation  are  deduced  the  following  values:  pn  +  JH' 

s=p»'y  pn=zpn!-~fn:;  and  n  =  "'  ^P'~'^>. 

p 
One  example  will  suffice  for  showing  the  simplicity  of  this  formula. 


*  Blot,  Traits  de  Ph.  vol.  i.  p.  303. 
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Having  100  measares  ft  air  saturated  with  watery  vapour  at  60""  F,  the 
barometer  standing  at  30  inches,  bow  many  measures  would  the  air 
occupy  if  quite  dry  ?  n'  =slOO;p  =  80 ;  /=0.624,  the  tension  of 
watery  vapour  at  60%  according  to  Mr  Dalton's  table.  Hence  n  = 
100x(30— 0  524)  100x29.476  ^^  „^  ^.  ^  .  ^ 
OQ = OQ =  98.25  which  is  the  answer  re- 
quired. 

The  presence  of  watery  vapour  in  the  atmosphere  is  owing  to 
evaporation.  All  the  accumulations  of  water  upon  the  surface  of  the 
earth  are  subjected  by  its  means  to  a  natural  distillation;  the  im-^ 
purities  with  which  they  are  impregnated  remain  behind,  whilQ  the 
pure  vapour  ascends  into  the  air,  gives  ris6  to  a  multitude  of  mete- 
orological phenomena,  and  after  a  time  descends  again  upon  the  earth. 
As  evaporation  gobs  on  to  a  certain  extent  even  at  low  temperatures, 
it  is  probable  that  the  atmosphere  is  never  absolutely  free  from  va- 
pour. 

The  quantity  of  vapour  present  in  the  atmosphere  is  very  variable, 
in  consequence  of  the  continual  change  of  temperature  to  which  the 
air  is  subject.'  But  even  when  the  temperature  is  the  same,  the 
quantitv  of  vapour  is  still  found  to  vary ;  for  the  air  is  not  always  in  a 
state  of  saturation.  At  one  time  it  is  excessively  dry,  at  another  it  is 
fully  saturated  ;  and  at  other  times  it  varies  between  these  extremes. 
This  variable  condition  of  the  atmosphere  as  to  saturation  is  ascertain- 
ed by  the  hygrometer. 

A  great  many  hygrometers  have  been  invented ;  but  they  may  all 
be  referred  to  three  principles.  The  construction  of  the  first  kind  of 
hygrometer  is  founded  on  the  property  possessed  bf  some  substasnce 
of  expanding  in  a  humid  atmosphere,  owing  to  a  deposition  of  mois- 
ture within  them ;  and  of  parting  with  it  again  to  a  dry  air,  and  in 
consequence  contracting.  Almost  all  bodies  have  the  power  of  at- 
tracting moisture  from  the  air,  though  in  different  proportions.  A 
piece  of  glass  or  metal  weighs  sensibly  less  when  carefully  dried,  than 
alter  exposure  to  a  moist  atmosphere ;  though  neither  of  them  is  dilat-- 
ed,  because  the  water  cannot  penetrate  into  their  interior.  Dilatation 
from  the  absorption  of  moisture  appears  to  depend  on  a  deposition  of  it 
within  the  texture  of  a  body,  the  particles  of  which  are  moderately 
Bod  and  yielding.  The  hygrometric  property  therefore  belongs  chiefly 
to  organic  substances,  such  as  wood,  the  beard  of  corn,  whalebone, 
hair,  and  animal  membranes.  Of  these,  none  is  better  than  the  hu- 
man hair,  which  not  only  elongates  freely  from  imbibing  moisture,, 
but,  by  reason  of  its  elasticity,  recovers  its  original  length  on  drying. 
The  hygrometer  of  Saussure  is  made  with  this  material. 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of  dry- 
ness and  moisture  by  the  rapidity  of  evaporation.  Water  does  not- 
evaporate  at  all  when  the  atmosphere  is  completely  saturated  with 
moisture ;  and  the  freedom  with  which  it  goes  o;i  at  other  times,  is  in 
proportion  to  the  dryness  of  the  air.  The  hygwmetri^j  condition  of 
the  air  maybe  determined,  therefore,  by  observing  the  rapidity  of  eva- 
poration. The  most  convenient  method  of  doing  this,  is  by  coverings 
the  bulb  of  a  thermometer  with  a  piece  of  silk  or  linen,  moistening  it 
with  water,  and  exposing  it  to  the  air.  The  descent  of  the  mercury ^ 
or  the  cold  produced,  will  correspond  to  the  quantity  of  vapour  formed 
in  a  given  time.    Mr  Leslie's  hygrometer  is  of  this  kind. 

The  third  kind  of  hygrometer  is  on  a  principle  entirely  different  from 
the  foregoing.  When  the  air  is  saturated  with  vapour,  and  any  colder 
body  isbrought  into  contact  with  it,  a  deposition  oC  moisture  iiwne-i 
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stately  tak«s  plaee  od  its  surface.  This  is  often  saan  when  a  glass  of 
eold  spriag  watof  is  carried  into  a  warm  room  in  suimner ;  and  the  phe- 
nomenon is  witnessed  during  the  formation  of  dew,  the  moisture  ap- 
pearing OB  those  substances  only  which  are  colder  than  the  air.  The 
degree  indicated  by  the  thermometer  when  dew  begins  to  be  deposit- 
ed, is  called  the  d<W'poirU,  If  the  saturation  is  complete,  the  least 
diminution  of  temperature  is  attended  with  the  forniation  of  dew ;  but 
if  the  air  is  dry,  a  body  must  be  several  degrees  colder  before  moisture 
is  deposited  on  its  surface  ;  and  indeed  the  dryer  the  atmosphere,  the 
greater  will  be  the  difference  between  its  temperature  and  the  dew- 
point.  Attempts  were  made  to  estimate  the  hygrometrie  state  of  the 
air  on  this  principle  by  the  Florentine  Academiciani,  but  the  first  ac- 
curate method  was  introduced  by  M.  le  Roi,  and  since  adopted  by  Mr 
Dalton.  It  consists  simply  in  putting  cold  water  into  a  glass  vessel, 
the  outside  of  which  is  carefully  dri^d,  and  marking  the  temperature  of 
the  liquid  at  which  dew  begins  to  be  deposited  on  the  glass.  The  wa- 
ter when  necessary  is  cooled  either  by  means  of  ice  or  a  freezing  mix- 
ture. This  method,  when  carefully  performed,  is  susceptible  of  great 
precision. 

The  hygrometer  of  Mr  Daniell,  described  in  his  Meteorological 
Ksszyst  acts  on  the  same  principle.  It  consists  of  a  cryophorus,  as 
described  at  page  60,  but  modified  somewhat  in  form,  and  containing 
ether  instead  of  water.  Within  one  of  its  balls  is  fixed  a  delicate  ther- 
mometer, the  bulb  of  which  is  partially  immersed  in  the  ether  so  as  to 
indicate  its  temperature,  and  the  other  ball  is  covered  with  muslin. 
When  the  instrument  is  used,  the  muslin  is  moistened  with  ether,  and 
the  cold«produced  J»y  its  evaporation  condenses  the  vapour  within  the 
ciyophorus,  and  causes  the  ether  to  evaporate  rapidly  in  the  other 
ball.  The  cold  thus  generated  chills  the  ether  itself  and  the  ball  con- 
taining it ;  and  in  a  short  time  its  temperature  descends  so  low,  that 
dew  is  deposited  on  the  surface  of  the  glass.  As  soon  as  this  takes 
place,  the  temperature  is  observed  by  the  thermometer. 

The  same  object  is  attained  in  a  still  easier  way  by  means  of  a  con- 
trivance described  by  Mr  Jenes  of  Londoi^  in  the  Philos.  Trans,  for 
1826,  and  soon  after  in  the  Edin.  Philos.  Journal,  No.  xvii.  p.  156,  by 
Dr  Coldstream  of  Leith.  It  consists  of  a  delicate  mercurial  thermo- 
meter, with  its  bulb  made  of  .thin  black  glass,  about  three-fourths  of 
which  are  covered  with  muslin.  On  moistening  the  muslin  with  ether 
the  temperature  of  the  bulb  and  mercury  falls,  and  the  uncovered  por- 
tion of  the  bulb  is  soon  rendered  dim  by  the  depbsition  of  moisture. 
The  temperature  indicated  at  that  instant  by  the  thermometer  is  the 
dew-point.  It  appears  from  some  remarks  of  Mr  Daniell  in  the  Quar- 
terly Journal  of  Science,  that  this  hygrometer  was  originally  invented 
in  Germany,  so  that  Mr  Jones  and  Dr  Coldstream  are  second  inven- 
tors. Mr  Daniell  considers  the  instrument  inaccurate,  believing  that, 
as  the  ether  is  applied  to  a  part  only  of  the  bulb,  the  mercury  within 
will  be  cooled  unequally ;  that  the  portion  corresponding  to  the  cover- 
ed part  of  the  bulb,  will  be  colder  than  the  mercury  opposite  to  the  ex- 
posed part,  and  consequently  the  dew-point  will  appear  lower  than  it 
ought  to  i>e.  This  objection  certainly  applies  when  the  muslin  is  ren- 
dered very  moist  with  einer,  and  the  temperature  of  the  bulb  rapidly 
reduced ;  but  when  the  cooling  is  slowly  effected,  I  believe  the  indi- 
cations of  this  hygrometer  to  be  at  least  equally  correct  as  those  afford- 
ed by  the  very  elegant,  yet  more  costly  and  less  portable,  apparatus  of 
Mr  Daniell.  For  nets  confirmatoiy  of  this  opinion  the  reader  may 
coniBlt  an  essay  in  the  Edinburgh  Journal  of  Science,  No.  xiii.  p.  36, 
by  Mr  Foggo,  Junr.  of  Leith. 
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It  is  desirable,  on  some  occasions,  not  merely  to  know  the  hygro- 
metric  condition  of  air  or  gases,  but  also  to  deprive  them  enUrely  of 
their  vapour.  This  may  be  done  to  a  great  extent  by  exposing  them 
to  mtense  coid^  but  the  method  now  generally  preferred  is  by  bring- 
!•"?  ^u®  ™*****  S**  ^"  contact  with  some  subsjance  which  has  a  power- 
ful chemical  attraction  for  water.  Of  these  none  is  preferable  to  the 
chloride  of  calcium. 

Constitution  of  Gases  with  respect  to  Caloric. 

The  experiments  of  Mr  Faraday  on  the  liquefaction  of  gaseous 
substances  appear  to  justify  the  opinion  that  gases  are  merely  the  va- 
pours of  extremely  volatile  liquids.  Most  of  these  liquids,  however, 
are  so  volatile,  that  their  boiling  point,  under  the  atmospheric  pressure, 
is  lower  than  any  natural  temperature ;  and  this  is  the  reason  why  they 
are  always  found  in  the  gaseous  state.  By  subjecting  them  to  great 
pressure,  their  elasticity  is  so  far  counteracted  that  they  become  liquid. 
But  even  when  thus  compressed,  a  very  moderate  heat  is  sufficient  to 
make  them  boil ;  and  on  the  removal  of  pressure  they  resume  the 
elastic  form,  most  of  them  with  such  violence  as  to  cause  a  report  like 
an  explosion,  and  others  with  the  appearance  of  brisk  ebullition.  An 
intense  degree  of  cold  is  produced  at  the  same^'time,  in  consequence 
of  caloric  passing  from  a  sensible  to  an  insensible  state. 

The  process  for  condensing  the  gases  (Philos.  Trans,  for  1823)  con-  ^ 
sists  in  exposing  them  to  the  pressure  of  their  own  atmospheres.    The 
materials  for  producing  them  are  put  into  a  strong  glass  tube,  which 
is  afterwards  sealed  hermetically,  and  bent  in  the  middle,  as  repre- 
sented by  the  figure.    The  gas  is  generated,  if  necessary  by  the  appli- 


cation of  heat,  and  when  the  pressure  becomes  sufficiently  great,  the 
liquid  is  formed  and  collects  in  the  free  end  oT  the  tube,  which  is  kept 
cool  to  facilitate  the  condensation.  Most  of  these  experiments  are 
attended  with  danger  from  the  bursting  of  the  tubes,  against  which 
the  operator  must  protect  himself  by  the  use  of  a  mask. 

The  pressure  required  to  liquefy  the  gases  is  very  variable,  as  will 
appear  from  the  following  table.  The  result?  were  obtained  by  Mr 
Faraday. 


Sulphurous  acid  gas 

2  atmospheres  at 

46"  F. 

Sulphuretted  hydrogen  gas 

17 

50*. 

Carbonic  acid  gas 

36 

32^ 

Chlorine  gas 

4 

60°. 

Nitrous  oxide  gas 

60            .         . 

46*. 

Cyanogen  gas 

3.6 

45*. 

Ammoniacal  gas 

6.5 

60*. 

Muriatic  acid  gas 

40 

60*.* 

*  The  general  law  in  regard  to  the  elasticity  or  tension  of  gases 
is  that  this  property  increases  with  the  compressing  force.  Oersted, 
however,  has  shown,  that  this  law  does  not  always  hold ;  for  he  ascer- 
tained that  condensable  gases,  subjected  to  a  pressure  near  to  thi$  at 
which  their  condensation  would  take  place,  undergo  a  greater  diminu- 
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Sources  of  Caloric. 

The  sources  of  caloric  may  be  reduced  to  six.  1.  The  sun.  2. 
Combustion.  3.  Electricity.  4.  The  bodies  of  animals  daring  life. 
5.  Chemical  action.  6.  Mechanical  action.  All  these  means  of  pro- 
curing a  supply  of  caloric,  except  the  last,  will  be  more  conveniently 
considered  in  other  parts  of  the  work. 

^  The  mechanical  method  of  ezcitine  caloric  is  by  friction  and  per- 
cussion. When  parts  of  heaTv  machinery  rub  against  one  anotfiery 
the  heat  excited,  if  the  parts  of  contact  are  not  well  greased,  is  suffi- 
cient for  kindling  wood.  The  axle-tree  of  carriages  has  been  burned 
from  this  cause,  and  the  sides  of  ships  are  said  to  have  taken  fire  by  the 
rapid  descent  of  the  cable.  Count  Rumford  has  given  an  interesting 
account  of  the  caloric  excited  in  boring  cannon,  which  was  so  abundant 
as  to  heat  a  considerable  quantity  of  water  to  its  boiling  point.  It 
appeared  from  his  experiments  that  a  body  never  ceases  to  give  out 
heat  by  friction,  however  long  the  operation  may  be  continued ;  and 
he  inferred  from  this  observation  that  caloric  cannot  be  a  material 
substance,  but  is  merely  a  property  of  matter.  M.  Pictet  observed  that 
solids  alone  produce  heat  by  friction,  no  elevation  of  temperature 
taking  place  from  the  mere  agitation  of  fluids  with  one  another.  He 
found  that  the  heat  excited  by  friction  is  not  in  proportion  to  the  hard- 
ness and  elasticity  of  the  bodies  employed.  On  the  contrary,  a  piece 
of  brass  rubbed  with  a  piece  of  cedar  wood  produced  more  heat  than 
when  rybbed  with  another  piece  of  metal ;  and  the  heat  was  still 
greater  when  two  pieces  of  wood  were  employed. 


SECTION  II. 

LIGHT. 

Light  is  similar  to  caloric  in  many  of  its  properties.  They  are 
both  emitted  in  the  form  of  rays,  traverse  the  air  in  straight  lines,  and 
are  subject  to  the  same  laws  of  reflection.  The  intensity  of  each  di- 
minishes as  the  square  of  the  distance  from  their  source.  They  of^en 
accompany  each  other;  and  on  some  occasions  seem  to  be  actually 
converted  into  one  another.  It  has  been  supposed,  from  this  circum- 
stance, that  they  are  modifications  of  the  same  agent ;  and  though 
most  persons  regard  them  as  independent  principles,  yet  they  are 
certainly  allied  in  a  way  which  is  at  present  quite  Inexplicable. 

There  are  two  kinds  of  light,  natural  and  artificial ;  the  former  pro- 
ceeding from  the  sun  and  stars,  the  latter  from  bodies  which  are 
strongly  heated.  The  light  derived  from  these  sources  is  so  difierent, 
that  it  is  necessary  to  speak  of  them  separately. 

tion  of  volume  than  is  proportional  to  the  pressure.  Berzelius 
accounts  for  this  fact  by  supposing  that  the  close  proximity  of  the 
molecules  of  a  gas,  occasioned  by  great  pressure,  brings  the  particles 
more  completely  within  the  sphere  of  each  other's  attraction,  and  thus 
counteracts  the  separating  power  of  the  caloric,  which  he  conceives 
does  not  act  under  favourable  circumstances,  unless  the  ponderable 
particles  are  at  a  certain  distance  from  each  other.  (Berzelius, 
Traits  de  Chimie,  i.  83,  86.)  These  views  have  a  bearing  on  the 
experiments  of  Mr  Faraday,  cited  in  the  text.    B. 
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The  solar  rays  eome  to  us  eithm  dirobtly,  as  in  the  case  of  sun- 
shine, or  indirectly,  in  consequence  of  being  diffused  through  (he  at- 
mosphere, constituting  day- tight.  They  pass  freely  tbrou^  som^ 
solid  and  liquid  bodies,  hence  calied  transparent,  such  as  glass,  roclc- 
ctyBtal,vater,  and  many  others,  which,  if  clear  and  in  moderately  thin 
hiyen,  intercept  a  portion  of  light  that  is  quite  inappreciable  when 
compared  to  the  quantity  transmited.  Opake  bodies,  on  the  contrary, 
intercept  the  rays  entirely,  absorbing  some  of  them  and  reflecting 
others.  In  this  respect,  also,  there  is  a  close  analogy  l>etween  light 
and  caloric;  for  every  good  reflector  of  the  one  rdlects  the  other 
also. 

Though  transparent  substances  permit  the  light  to  pass  through 
them,  they  nevertheless  exert  a  considerable  influence  upon  it  in  its 
passage.  All  the  rays  which  fall  obliquely  are  refracted,  that  is,  are 
made  to  deviate  from  their  original  direction.  It  was  this  property  of 
transparent  media  which  enabled  Sir  Isaac  Newton  to  discover  the 
compound  nature  of  the  solar  light,  and  to  .resolve  it  into  its  consti- 
tuent parts.  The  substance  commonly  employed  for  this  purpose  is  a 
triangular  piece  of  gfass  called  the  prism.  Its  action  depends  upon 
the  different  refrangibility  of  the  seven  coloured  rays  which  compose 
a  colourless  one.  The  violet  ray  suflfers  the  greatest  refraction,  and 
the  red  the  least  v  while  the  other  colours  of  the  rainbow  lie  between 
them,  disposed  in  regular  succession  according  tor  the  degree  of  devia- 
tion which  they  have  individually  experienced.  The  coloured  figure 
so  produced  is  called  the  priamatie  spectrum,  which  is  always  bound* 
ed*by  the  violet  ray  on  one  side,  and  by  the  red  on  the  other. 

The  prismatic  colours,  according  to  the  experiments  of  Sir  W.  Her- 
schet,  differ  in  their  illuminating  power.  '-.The  orange  possesses  this 
property  in  a  higher  degree'  than  the  red ;  and  the  yellow  rays 
illuminate  objects  still  more  perfectly.  The  maximum  of  illumination 
lies  in  the  brightest  yellow  or  palest  green.  The  green  itself  is  nearly 
equally  bright  with  the  yellow ;  but  from  the  full  deep  green,'  the 
illuminating  power  decreases  very  sensibly.  That  of  the  blue  is 
nearly  equal  to  that  of  the  red;  the  indigo  has.  much  less  than  the 
blue ;  and  the  violet  is  very  deficient.     (Phil.  Trans.  1800.) 

The  solar  rays,  both  direct  and  diffused,  possess  the  property  of  ex- 
citing heat  as  well  as  light.  This  effect  takes  place  only  when  the 
rays  are  absorbed;  for  the  temperature  of  transparent  substances 
through  which  they  pass,  or  of  opake  ones  by  which  they  are  reflect- 
ed, is  not  affected  by  them.  Hence  it  happens  that  the  burning  glass 
and  concave  reflector  are  themselves  nearly  or  quite  cool,  at  the  very 
moment  of  producing  a  strong  heat  by  collecting  the  6un*s  rays  into  a 
focus.  The  extreme  coldness  that  prevails  in  the  lugher  strata  of  the 
air  arises  from  the  same  cause.  The  rays  pass  on  unabsorbed  through 
the  atmosphere ;  and  Us  lower  parts  would  also  be  intensely  co|d,  did 
they  not  receive  caloric  by  communication  from  the  earth. 

The  absorption  of.  light  is  much  influenced  by  the  nature  of  the 
surface  on  which  it  falls ;  and  it  is  remarkable  that  those  substances 
which  absorb  radiant  non-luminous  caloric  most  powerfully,  are  like- 
wise the  best  absorbers  of  light.  But  there  is  one  property  of  sur- 
faces, namely,  colour,  which  has  a  great  influence  over  the  absorption 
of  light,  but  exceedingly  little,  if  any,  over  that  of  pur6  radiant  caloric. 
That  dark  coloured  substances,  acquire  a  higher  temperature  in  the 
sunshine  than  light  ones,  may  be  inferred  from  the  general  preference 
given  to  the  latter  as  articles  of  dress  during  summer ;  and  this  prac- 
tice, founded  on  the  experience  of  mankind,  has  been  justified  by 
direct  experiment.    Dr  Hooke,  and  subsequently  Dr  Franklin,  proved 
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the  faet  by  pladog  pieces  of  cloth  of  the  same  texture  and  size,  but  of 
differeot  colours,  upon  toow,  and  allowing  the  sun's  rays  to  fall  upon 
them.  The  dark  coloured  specimens  always  absorbed  more  caloric 
than  the  light  ones,  the  snow  beneath  the  former  having  melted  to  a 
greater  extent  than  under  the  others ;  and  it  was  remarked  that  the^ 
effect  was  nearly  In  proportion  to  the  depth  of  shade.  Sir  H.  Davy 
has  more  recently  examined  the  subject,  and  arrived  at  the  same  coo-- 
elusions. 

The  rays  of  the  prismatic  spectrum  differ  from  one  another  in  their 
heating  power  as  well  as  in  colour.  Their  difference  in  this  respect 
was  first  noticed  by  Herschel,  who  was  induced  to  direct  his  atten- 
tion to  the  subject  by  the  following  circumstance.  In  viewing  the 
sun  by  means  of  large  telescopes  through  differently  coloured  darken- 
ing glasses,  he  sometimes  felt  a  strong  sensation  of  heat  with  very 
little  light,  and  at  other  times  he  had  a  strong  light  with  little  beat,— ^ 
differences  which  appeared  to  depend  on  the  coioiir  of  the  glasses 
which  he  used.  This  observation  led  to  his  celebrated  researches  on 
the  heating  power  of  tho  prUmatic  roloura,  which  were  published  ia 
the  Philosophical  Transactions  for  1800. 

•  The  experiments  were  made  by  transmitting  a  solar  beam  through  a 
prism,  receiving  the  spectrum  on  a  table,-  and  placing  the  bulb  of  a 
very  delicate  thermometer  successively  in  the  different  parts  of  it. 
While  engaged  in  this  inquiry,  he  observed  not  only  that  the  red  was 
the  hottest  ray,  but  that  there  was  a  point  a  little  beyond  the  red,  al- 
together out  of  the  spectrum,  where  the  thermometer  stood  higher 
than  in  the  red  itself.  By  repeating  and  varying  the  experiment,  he 
discovered  that  the  most  intense  heating  power  was  always  beyond  the 
red  ray,  where  there  was  no  light  at  all ;  and  that  the  beat  progres- 
sively diminished  in  passing  from  the  red  to  the  violet,  where  it  wae 
least.  He  heqce  inferred  mat  there  exists  in  the  solar  t»eam  a  distinct 
kind  of  ray,  which  causes  heat  hut  not  light ;  and  that  these  rays, 
from  being  less  refrangible  than  the  luminous  ones,  deviate  in  a  less 
degree  from  their  original  direction  in  passing  through  the  prism. 

All  succeeding  experiments  confirm  the  statement  of  Sir  W.  Her- 
schel that  the  prismatic  colours  have  very  different  heating  powers; 
but  they  are  at  variance  with  respect  to  the  spot  at  which  we  heat  is 
at  a  maximum.  Some  assert  with  Sir  W.  Herschel  that  it  ia  beyond 
the  red  ray;  while  others,  and  in  particular  Professor  Leslie,  contend 
that  it  is  in  the  red  itself.  The  recent  observations  of  M.  Seebeck  in 
the  Edinburgh  Journal  of  S^nce,  I.  358,  appear  decisive  of  the  ques- 
tioQ.  He  found  that  the  point  of  greatest  beat  wa^  variable  according 
to  the  kind  of  prism  which  wa^  employed  for  refracting  the  rays. 
When  he  used  a  prism  of  fine  flint  glass,  the  greatest  heat  was  con- 
stantly beyond  the  red.  With  a  prism  of  crown  glass,  the  greatest 
heat  was  in  the  red  itself.  When  he  employed  a  prism  externally  of 
glass,  but  containing  water  within,  the  maximum  was  neither  in  the. 
red,  nor  beyond  it,  out  in  the  yellow.  It  Is  difficult  to  account  for 
these  phenomena,  except  on  the  supposition  that  the  different  kind» 
of  prisms  differ  in  their  power  of  refracting  caloric.  These  experi- 
ments therefore  confirm  the  opinion  of  Sir  W.  Herschel,  that  the  sun- 
beam contains  calorific  rays,  distinct  from  the  luminous  ones ;  and  ren- 
der It  highly  probable,  that  the  heating  effect  imputed  to  the  latter,  is 
solely  owing  to  the  presence  of  the  former. 

It  has  long  been  known  that  the  solar  light  is  capable,  of  producing 
powerful  chemical  changes.  One  of  the  most  striking  instances  of  it 
is  its  power  of  darkening  the  white  chloride  of  silver,  an  effect  which 
tikes  place  sloi^ly  in  the  di^ed  light  of  dayi^  but  ip  the  cpurse  oC 
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two  or  three  minat«8  by  oKposare  to  the  sun-bettm.  This  effect  was 
once  attributed  to  the  influence  of  the  luminous  rays ;  but  it  ap- 
pears from  the  observations  of  Ritter  and  Wottaston,  thai  it  is  owing 
to  the  presence  of  certain  rays  that  excite  neither  heat  nor  light,  and 
which,  from  their  peculiar  agency,  are  termed  chemical  rays.  It  is 
foun^  t4iat  the  greatest  chemical  action  is  exerted  just  beyond  the 
violet  ray  of  the  prismatic  spectrum  ;  that  the  spot  next  In  energy  is 
occupied  by  the  violet  ray  itself;  and  that  the  property  gradually  di- 
minishes as  we  advance  to  the  green,  beyond  which  it  seems  wholly 
wanting.  It  hence  follows  that  the  chemical  rays  are  still  more  re- 
frangible than  the  luminous  ones,  in  consequence  ^f  which  they  are 
dispersed  in  part  over  the  blue,  indigo  and  violet,  but  in  the  greatest 
qnanttty  at  a  point  which  is  even  beyond  the  latter. 

The  more  refrangible  rays  of  light  possess  the  property  of  rendering; 
steel  or  iron  magnetic.  This  property  was  discovered  in  the  violet 
ray  by  Dr  Morichini  of  Rome ;  but  as  some  experimentalists  of  emi- 
nence had  repeated  the  experiments  without  success,  the  subject  was 
involved  in  some  degreo  of  une^rtaiDty.  The  faet,  however,  has  been 
established  by  the  learned  and  accomplished  Mrs  Somerville  of  Lon- 
don, who  in  1829  gave  an  account  of  her  researches  to  the  Royal  So- 
ciety. Sewing  needles  were  rendered  magnetic  by  exposure  for  two 
hours  to  the  violet  ray ;  and  the  magnetic  property  was  communicated 
In  a  still  shorter  time,  when  the  violet  rays  were  concentrated  by  a 
lens.  The  indigo  rays  possess  the  magnetizing  power  almost  to  the 
same  extent  as  the  violet ;  and  the  blue  and  green  possess  the  same 
power,  though  in  a  less  degree.  It  is  wanting  in  the  yellow>  orange 
and  red.  Needles  were  also  rendered  magnetic  by  the  sun's  rays, 
transmitted  through  green  and  blue  glass. 

The  second  kind  m  light  is  that  which  is  emitted  by  substances 
when  strongly  heated.  AH  bodies  begin  to  emit  light  when  caloric  is 
accumulated  within  them  in  gr«at  quantity ;  and  the  appearance  of 
giowing  or  shining^  which  they  then  assume,  is  called  incandescence. 
The  temperature  at  which  solids  in  general  begin  to  shine  in  the  dark, 
is  betwen  600°  and  YOO"*  F ;  but  they  do  not  appear  luminous  in  broad 
dliyllght»  till  they  are  heated  to  about  1000°  F.  The  colour  of  incan- 
descent bodies  varies  with  the  intensity  of  the  heat.  The  first  degree 
of  luminottsness  is  an  obscure  red.  As  the  heat  augments,  the  redness 
becomes  more  and  more  vivid,  till  at  last  it  acquires  a  full  red  glow. 
Should  the  temperature  still  continue  to  increase,  the  character  of  the 
glow  changes^  and  by  degrees  becomes  vnSite,  shining  with  increasing 
brilliancy  as  the  intensity  of  tlie  beat  augments.  Liquids  and  gases 
likewise  become  incandescent  when  etrongiy  heated ;  but  a  very  high 
tempenture  is  required  to  render  a  gas  luminous,  more  than  is  suffi- 
cient for  heating  a  solid  body  even  to  whiteness.  The  different  kinds  of 
flame,  as  of  the  fire,  eandles  and  gas  light,  are  instances  of  incandes- 
cent gaseous  matter. 

All  artificial  lights  are  proctired  by  the  combustion  or  burnihg  of  in- 
flammable  matter.  So  large  a  quantity  of  caloric  is  evolved  during 
the  process,  that  the  body  is  made  incandescent  in  the  moment  of 
being  consumed.  Those  substances  are  preferred  for  the  purposes  of 
illumination  that  yield  gaseous  products  when  strongly  heated,  which 
by  becoming  luminous  while  they  bum,  constitute  flame.  The  light 
derived  from  such  sources  differs  from  the  solar  light  in  being  accom- 
panied by  free  radiant  caloric  similar  to  that  emitted  by  a  non- luminous 
heated  body.  The  free  radiant  caloric  may  be  separated  bf  a  screen  of 
moderately  thick  glass ;  but  the  light  so  purified  still  heats  any  body  that 
'Hgorbs  it,  whei  ''e  it  would  appear  that  it  retains  some  calorific  rays 
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wiiioh,  like  tkose  in  the  lolar  betna,  accempaDy  the  luminoiM  obm  !• 
their  passage  tb rough  solid  traDspareot  media*.  Terrestrial'  light  hae 
been  supposed  to  contaia  no  chemical  rays ;  but  the  experimests  with 
lime  strongly  heated  by  the  method  af  Mr  Drummond,  have  proved 
that  artificial  light  of  great  intensity  is  productive  of  chemical  changes 
similar  to  those  occasioned  by  solar  light.  (Annals  of  Philosophy, 
xzvil.  451.) 
'  Light  is  emitted  by  some  substances  at  common  temperatures,  giv- 
ing rise  to  an  appearance  which  is  called  phosphoreteence.  This  phe* 
nomenon  seems  owing  in  some  instances  to  a  direct  absorption  of  hght 
which  is  afterwards  slowly  emitted.  A  composition  made  by  heating 
to  redness  a  mixture  of  calcined  oyster  shells  and  sulphur,  known  by 
the  name  of  Carton's  Photphortu,  possesses  this  property  in  a  very 
remarkable  degree.  It  shines  so  strongly  for  a  few  minutes  after  ex- 
posure to  light,  that  when  removed  to  a  dark  room  the  hour  on  a 
watch  may  be  distinctly  seen  by  it.  AAer  some  lime  it  ceases  to  be 
luminous,  but  regains  the  pioperty  when  exposed  during  a  short  inter- 
-val  to  light.    No  chemical  change  attends  the  phenomenon. 

Another  kind  of  phosphorescence  is  observable  in  some  bodies 
when  they  are  strongly  heated.  A  piece  of  marble,  for  example,  heat- 
ed to  a  degree  which  would  only  make  other  bodies  red,  emits  a  bril- 
liant white  light  of  such  intensity  that  the  eye  cannot  support  its  im- 
pression. 

A  third  species  of  phosphorescence  is  observed  in  the  bodies  of  some 
animals,  either  in  the  dead  or  living  state.  Somermarine  animals,  and 
particularly  fish,  possess  it  in  a  remarkable  degree.  It  may  be  wit- 
nessed in  the  body  of  the  herring,  which  begins  to  phosphoresce  a  day 
or  two  after  death,  and  before  any  visible  sign  of  putrefaction  has  set 
in.  Sea-water  is  capable  of  dissolving  the  luminous  matter ;  and  it  is 
probably  from  this  cause  that  the  waters  of  the  ocean  sometimes  ap- 
pear luminous  at  night  when  agitated.  This  appearance  is  also  as- 
cribed to  the  presence  of  certain  animalcules,  which,  like  the  glow- 
worm of  this  country,  or  the  fire-fly  of  the  West  Indies,  are  naturally 
phosphorescent. 

It  is  sometimes  of  importance  to  measure  the  comparative  intensi- 
ties of  light,  and  the  instrument  by  which  this  is  done  is  called  a  pho^ 
tomeier.  The  only  photometer  which  is  employed  for  estimating  the 
relative  strength  of  the  sun's  light  is  that  of  Mr  LesUe.  It  consists  of 
his  differential  thermometer,  with  one  ball  ukde  of  black  glass.  The 
clear  ball  transmits  all  the  luminous  rays  that  fall  upon  it,  and  there- 
fore its  temperature  is  not  affected  by  them  :  they  are  all  absorbed, 
on  the  contrary,  by  the  black  ball,  and  by  heating  and  expanding  the 
air  within,  cause  the  liquid  to  ascend  in  the  opposite  stem.  The  whole 
instrument  is  covered  with  a  case  of  thin  glass,  the  object  of  which  is 
to  prevent  the  balls  from  being  affected  by  currents  of  cold  air.  The 
action  of  this  photometer  depends  on  the  heat  produced  by  the  ab- 
sorption of  light.  Mr  Leslie  conceives  that  light  when  absorbed  is 
converted  into  heat ;  but  according  to  the  experiments  already  referred 
to,  the  effect  must  be  attributed,  not  so  much  to  the  light  itself,  as  to 
the  absorption  of  the  calorific  rays  by  which  it  is  accompanied. 

Mr  Leslie  recommends  his  photometer  also  for  determining  the  re- 
lative intensities  of  artificial  light,  such  as  that  emitted  by  candles,  oil, 
or  gas.  This  application  of  it  differs  from  the  foregoing,  because  the 
light  proceeding  from  terrestrial  sources  contains  caloric  under  two 

*  Mr  Powel,  in  Phil.  Trans,  for  l8Sl5. 
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forms :  one  is  analogous  to  that  emitted  by  a  body  which  is  not  Iumi« 
nous ;  the  other  is  similar  to  that  which  accompanies  the  aolar  light. 
It  is  presumed  that  the  first  form  of  caloric  will  not  prove  a  source  of 
error :  that  tliese  rays  are  wholly  intercepted  by  the  outer  ease  of  glass ; 
or  that,  should  a  few  penetrate  into  the  interior,  they  will  be  absorbed 
-equally  by  both  balls^  and  will  therefore  heat  them  to  the  same  ex- 
tent. It  is  probable  that  this  reasoning  is  not  wide  of  the  trutii ;  and 
consequently,  the  photometer  will  give  correct  indications  so  far  as 
Toeards  the  new  element — non-luminous  caloric.  But  it  is  not  appli- 
cable to  lights  which  differ  in  colour ;  for  their  heating  power  is  out  of 
all  proportion  to  their  light.  Thus,  the  light  emitted  by  burning  cin« 
ders  or  red-hot  iron,  even  after  passing  through  glass,  contains  a  quan<- 
tity  of  calorific  rays,  which  is  out  of  all  proportion  to  the  luminous 
ones ;  and  consequently,  they  may  and  do  produce  a  greater  effect  on 
the  photometer  than  some  lights  whose  illuminating  powers  are  hx 
greater. 

The  second  kind  of  photometer  is  on  a  totally  different  principle^ 
It  determines  the  comparative  strength  of  lights  by  a  comparison  of 
their  shadows.  This  instrument  was  invented  by  Count  Rumford,  and 
is  described  by  him  in  his  Essays.  It  is  susceptible  of  great  accuracy 
when  employed  with  the  requisite  care*  ;  but,  like  the  foregoing,  its 
indications  cannot  be  trusted  when  there  is  much  difference  in  the  co- 
lour of  the  lights.  In  this  case,  the  best  mode  of  obtaining  aiTapproxi- 
mative  result,  is  by  observing  the  distance  from  each  light  at  which 
any  given  object,  as  a  printed  page,  ceases  to  be  distinctly  visible. 
The  illuminating  power  of  the  lights  so  compared  is  as  the  squares  ^f 
.  the  distance* 


SECTION  III. 


ELECTRICITY. 


When  certain  substances,  such  as  amber,  glass,  sealing-wax,  or  sul- 
phur, are  rubbed,  and  then  brought  near  small  fragments  of  paper, 
cork,  or  btber  light  bodies,  the  latter  move  rapidly  towards  the  former, 
and  adhere  during  a  longer  or  shorter  interval  to  their  surface.  If  the 
body  which  is  thus  excited  by  friction  is  light  and  freely  suspended, 
it  will  move  towards  the  substances  in  its  vicinity.  After  a  while  the 
excited  body  loses  its  influence  ;  but  it  may  be  renewed  for  any  num- 
ber of  times  by  friction.  The  movement  observed  in  these  instances 
is  attributed  to  a  peculiar  kind  of  attraction,  and  the  unknown  cause 
of  this  attraction  is  called  Electricity ,  from  the  Greek  word  nKtar^ov 
amber,  because  the  electric  property  was  first  noticed  in  this  sub- 
stance. 

The  ancients  were  aware  that  amber  and  the  lyncurium,  (supposed 
to  be  our  tourmalin,)  may  be  rendered  electric  by  friction ;  but  it  was 
not  known  that  other  bodies  may  be  similarly  excited  until  the  com- 
mencement of  the  17th  century,  when  Dr  Gilbert  of  Colchester  de- 
tected the  same  property  in  a  variety  of  other  substances.    Of  those 


"  See  an  Essay  on  the  Construction  of  Coal  Gas  Burners,  &c.  in  the 
Edinburgh  Philosophical  Journal  for  1826. 
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which  he  has  enumerated  in  his  treatise  de  Magnete,  the  principal 
are  the  diamond,  rock  crystal,  and  several  of  the  precious  stones, 
glass,  sulphur,  mastic,  sealing-wax,  and  resin ;  and  in  making  this  dis- 
covery he  laid  the  foundation  of  the  science  of  Electricity.  A  few 
additional  facts  were  noticed  during  the  course  of  the  same  century  by 
Boyle,  Otto  de  Oueiicke,  and  Dr  Wall,  and  in  1709  Mr  Hawkesbee 
published  an  account  of  many  curious  electrical  experiments ;  but  no 
material  progress  was  made  in  this  department  of  knowledge  till  between 
the  years  1729  and  1733,  when  the  discovery  of  new  and  Important 
facts  by  Mr  Stephen  Grey  in  this  country,  and  M.  Dufay  in  France, 
attracted  general  attention  to  the  subject,  and  speedily  acquired  for  it 
the  regular  form  of  a  science*. 

The  most  important  fact  established  by  Mr  Grey  was  the  fundamen- 
tal one,  that  electricity  passes  freely  along  certain  substances,  and 
that  its  progress  is  more  or  less  entirely  arrested  by  others.  M.  Du- 
fay, in  repeating  the  experiments  of  Grey,  observed  (hat  an  electrified 
substance  not  only  attracts  light  bodies,  but  causes  them  after  con- 
tact to  fly  off  from  its  surface  as  if  by  a  principle  of  repulsion.  This 
singular  phenomenon,  which  is  termed  electrical  repulsion,  had  been 
previously  noticed  by  Otto  de  Guericke,  but  the  merit  of  original  ob- 
servation seems  also  justly  due  to  the  French  philosopher.  Dufay 
likewise  noticed  that  the  electricity  excited  on  glass  is  different  from 
that  of  resin,  and  hence  inferred  the  existence  of  two  kinds  of  electri- 
city, the  vitreous  and  resinoua,  the  former  belonging  to  glass,  and  the 
latter  to  resin.  He  established  an  excellent  mode  of  distinguishing 
them,  by  finding  that  substances  possessed  of  the  same  kind  of  elec- 
tricity always  repel  each  other ;  and  that  attraction  is  as  uniformly 
exerted  between  substances  which  are  in  opposite  states  of  electrical 
excitement. 

Another  fact  of  consequence,  relative  to  the  excitement  of  electricity 
by  friction,  was  discovered  in  1759  by  Mr  Symraer,  (Philos.  Trans,  li. 
840),  who  found  that  when  two  bodies  are  rubbed  together,  both  are 
excited,  and  that  one  always  possesses  vitreous  and  the  other  reginous 
electricity.  This  induced  Symmer  to  modify  the  doctrine  of  the  two 
electricities.  Dufay  conceived' the  vitreous  electricity' to  be  peculiar 
to  some  substances  and  the  resinous  electricity  to  others.  Symmer, 
on  the  contrary,  maintained,  that  bodies  in  their  ordinary  unexcited 
condition  contain  both  kinds  of  electricity  in  a  state  of  combination ; 
and  as  they  then  neutralize  or  counteract  each  other's  effects,  no 
electrical  phenomena  are  apparent ;  that  friction  produces  excitement 
by  separating  the  two  principles  ;  and  that  excitation  continues  until 
that  kind  of  electricity  which  has  been  withdrawn  is  restored. 

Dufay's  doctrine  of  the  two  electricities  as  modified  by  Symmer  is 
consistent  with  all  the  facts  which  subsequent  observation  has  brought 
to  light,  and  is  adopted  almost  universally  in  France  and  otherparts  of 
the  continent.  It  is.  found  that  all  substances,  when  electrified  by 
friction,  are  thrown  into  opposite  states  of  excitement;  that  electrical 
repulsion  is  never  observed  but  between  bodies  similariy  electrified ; 
and  that  electrical  attraction  is  as  uniformly  owing  to  the  substances 
possessing  different  kinds  of  electricity.  For  these  phenomena,  how- 
ever, Dr  Franklin  proposed  a  different  explanation,  founded  on  the 
supposition  of  there  being  only  one  kind  of  electricity.  According 
to  this  philosopher,  when  bodies  contain  their  natural  quantity  of  elec- 


*  For  the  historical  details,  see  Priestley's  History  of  Electricity . 
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tricity,  they  do  not  manifest  any  electrical  properties  ^bat  they  are  ex" 
cited  either  by  its  increase  or  diminution.  On  rubbing  a  tube  of  glas» 
with  a  woollen  cloth,  the  electrical  condition  of  both  substances  i9 
disturbed  ;  the  former  acquires  more  or  is  overcharged,  the  other  lesa 
than  its  natural  quantity  or  is  undercharged.  These  opposite  states  he 
expressed  by  the  terms  positive  and  negative,  the  first  corresponding 
to  the  vitreous,  the  second  to  the  resinous  electricity  of  Dufay, 
Electrical  repulsion,  according  to  Franklin,  takes  place  between  sub-< 
stances  which  contain  either  more  or  less  than  their  natural  quantity  ^ 
and  electrical  attraction  is  only  exerted  between  two  bodies,  one  of 
which  contains  more  than  its  natural  quantity  and  the  other  less.  The 
excess  of  electricity  has  a  strong  tendency  to  pass  from  a  positively 
to  a  negatively  excited  surface,  so  as  to  restore  the  equilibrium  in 
both ;  and  this  always  happens  either  by  contact,  or  from  such  prox- 
imity that  the  electricity  is  able  to  pass  from  one  to  the  other  through 
the  intervening  stratum  of  air.  The  phenomena  of  electricity  are  ex« 
plicable  by  both  these  theories ;  but  as  that  of  Dr  Franklin  is  com- 
monly adopted  in  Britain,  I  shall  employ  it  by  preference  in  thi» 
treatise. 

It  has  been  objected  to  this  hypothesis  that  it  does  not  account  sa- 
tisfactorily for  the  repulsion  observed  between  bodies  negatively  elec- 
trified. The  separation  .of  two  positive  electric  bodies  is  easily  ac- 
counted for  by  the  repulsive  power  supposed  to  be  exerted  among  the 
particles  of  the  electricity  accumulated  upon  them ;  while  substancea 
which  are  negative,  or  possess  less  than  their  natural  quantity  of  elec- 
tricity, cannot  be  influenced  by  such  a  power,  and  therefore  it  is  argued' 
ought  not  to  diverge  or  separate.  This  mode  of  reasoning,  however, 
is  entirely  hypothetical.  There  is  no  proof  that  the  divergence  ob- 
served in  similarly  electrified  bodies  is  owing  to  actual  repulsion ;  and 
the  phenomenon  may  be  explained  equally  well  on  the  principle,  that 
the  two  excited  substances  are  attracted  in  opposite  directions,  in 
consequence  of  the  contiguous  strata  of  air  being  rendered  oppositely 
electrical  by  induction.  In  this  way  all  the  phenomena  of  electrical 
attraction  and  repulsion,  are  referable  to  the  attractive  power  exerted 
t)etween  bodies  in  opposite  states  of  excitement.  The  term  repulsion, 
according  to  this  view,  is  used  merely  to  express  the  act  of  separation 
or  divergence. 

Nothing  certain  is  known  concerning  the  principle  or  cause  of  the 
phenomena  of  electricity.  It  may  possibly  be  only  a  propeVty  of  mat- 
ter, called  into  action  by  particular  circumstances  ;  but  the  phenome- 
na accord  much  better  with  the  opinion,  which  is  now  almost  univer- 
sally received  by  philosophers,  that  it  is  a  highly  subtile  elastic  fluid, 
too  light  to  aifect  the  most  delicate  balances,  capable  of  moving  with 
extreme  velocity,  and  present  in  all  bodies.  Its  influence,  in  excited 
bodies,  is  diffused  unilbrmly  in  every  direction ;  and  like  light  and 
other  principles  which  are  subject  to  this  law,  its  power  diminishes  aa 
the  squares  of  the  distance.  It  is  one  of  the  most  energetic  principles 
in  nature.  It  is  the  cause  of  thunder  and  lightning ;  the  phenomena 
of  galvanism,  and  probably  of  magnetism,  are  produced  by  it ;  and  the 
influence  which  it  exerts  over  chemical  changes  is  so  great,  that  some 
philosophers  regard  it  as  the  cause  of  chemical  attraction.  The  par- 
ticles of  the  electric  fluid  are  supposed  to  be  highly  repulsive  to  each 
other,  and  to  be  powerfully  attracted  by  other  material  substances. 
The  tendency  to  pass  from  overcharged  surfaces  to  those  that  are  in  a 
negative  state,  may  be  ascribed  to  one  or  other  of  these  properties,  or 
perhaps  to  their  conjoint  operation. 

Electricity  may  be  excited  in  all  solid  subsUnces  by  friction.    This 
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•fsertioD  seems  at  first  view  contrary  to  fact.  It  is  well  known  that 
a  metallic  substance,  ifheld  In  the  hand,  may  be  rubbed  for  any  length 
of  time  without  exhibiting  the  least  sign  of  electricity ;  an  observation 
which  led  to  the  division  of  bodies  into  such  as  may  be  excited  by 
friction,  and  into  those  that,  under  the  same  circumstances,  njive  no 
sign  of  electrical  excitement.  The  former  were  called  Electrics,  the 
latter  JVon-eleetriea,  But  the  distinction  is  not  founded  in  nature. 
A  metallic  substance  does  not  indeed  exhibit  any  trace  of  electrMty 
when  rubbed  in  the  same  way  as  a  piece  of  glass ;  but  if,  while  it  ii 
rubbed  with  the  dry  fur  of  a  cat,  it  is  supported  by  a  glass  handle,  it 
^  will  then  evince  signs  of  electrical  excitement. 

The  difficulty  and  apparent  impossibility  of  exciting  metallic  bodies, 
receives  an  explanation  from  the  fact  observed  by  Orey,  that  the 
electric  fluid  passes  with  great  facility  along  the  surface  of  some  sub- 
etanoes,  and  with  difficulty  over  that  of  others ;  and  this  discovery  has 
led  to  the  division  of  bodies  into  conductors  and  non-conductors  of 
electricity.  If  an  excited  conductor,  such  as  a  metallic  wire,  be  made 
to  communicate  with  the  earth  at  one  of  its  extremities,  the  electricity 
will  pass  to  it  from  the  opposite  end  in  an  instant,  even  though  it 
were  several  miles  in  length  ;  so  that  when  the  equilibrium  is  disturb- 
ed, it  will  be  at  once  restored  along  the  whole  wire,  just  as  effectually 
as  if  every  point  of  it  communicated  with  the  ground.  But  an  excited 
stick  of  glass  or  resin  is  not  affected  in  the  same  manner ;  for  as  elec- 
tricity does  not  obtain  a  free  passage  along  them,  the  equilibrium  is 
restored  in  those  parts  only,  which  are  actually  touched.  For  this 
reason  a  non-conductor  of  electricity,  though  held  in  the  hand,  may 
be  readily  excited ;  but  a  good  conducting  body  cannot  be  brought 
into  that  state,  unless  it  be  insulated,  that  is,  cut  off"  from  communi- 
eation  with  the  earth  by  means  of  some  non-conductor.  This  is  ge- 
nerally effected  either  by  supporting  a  body  with  a  handle  of  glass,  or 
by  placing  it  on  a  stool  made  with  glass  feet. 

To  the  class  of  conductors  belong  the  metals,  charcoal,  plumbago, 
water,  and  most  substances  which  contain  water  in  Its  liquid  state, 
such  as  animals  and  plants.  The  conducttbility  of  tbAse  substances  is 
different.  Of  the  metals,  according  to  the  experiment^  of  Mr  Harris, 
silver  and  copper  are  the  best  conductors  of  electricity ;  then  gold, 
zinc,  platinum,  iron,  tin,  and  lead.  (Philos.  Trans,  for  1827,  Part  I. 
21.)  .To  the  list  of  non-conductors  belong  glass,  resins,  sulphur,  the 
diamond,  dried  wood,  precious  stones,  silk,  hair,  and  wool.  Atmos- 
pheric air  is  also  a  non-conductor.  If  it  were  not  so,  no  substance 
could  retain  its  electricity  when  surrounded  by  it.  Aqueous  vapour 
suspended  in  the  air  injures  the  non-conducting  property  of  the  latter, 
and  hence  electrical  experiments  do  not  succeed  so  weli  when  the  air 
is  charged  with  moisture  as  when  it  is  dry.  The  presence  of  a  little 
moisture  communicates  condueting  properties  to  the  most  imperfect 
conductor ;  and  hence  it  is  impossible  to  excite  glass  by  rubbing  it  with 
a  moist  substance. 

A  knowledge  of  the  different  conducting  power  of  bodies  Is  required 
for  explaining  some  circumstances  which  appear  contradictory  to  a 
preceding  statement.  It  is  above  mentioned  that  when  two  bodies 
are  excited  by  friction,  they  are  rendered  oppositely  electric  ;  but  if  a 
tube  of  glass  is  rubbed  by  a  person  communicating  with  the  ground  , 
the  glass  will  become  positively  electrical,  while  the  hand  of  the  ope- 
rator manifests  no  sign  whatever  of  excitement.  The  cause  of  this  is 
obvious.  The  operator  is  not  electrified,  because  the  earth  restores 
the  electric  fluid  as  soon  as  it  is  withdrawn  by  the  glass ;  but  if  he  Is 
iosolated,  the  indications  of  negative  electricity  will  immediately  ap- 
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pear.  Hence  it  is  a  rule  to  insalate  a  conductor,  whenever  it  is  wished 
to  examine  its  electrical  condition. 

The  experiments  which  hate  been  made  concerning  the  effects  of 
friction,  have  demonslrated  that  the  same  substance  is  not  always 
similarly  electrified.  Its  electricity  is  influenced  partly  by  the  state 
of  its  surface,  and  partly  by  the  nature  of  the  body  with  which  it  is 
rubbed.  Thus  smooth  glass  is  rendered  ^positive  by  friction  with 
w^pllen  cloth  ;  whereas  if  its  surface  is  rough,  it  becomes  negative 
from  the  same  treatment.  Smooth  glass  which  is  positive  with 
woollen  cloth,  is  rendered  negatively  electrical  by  being  rubbed  with 
a  cat's  fur.  The  following  table,  from  Cavallo's  Complete  Treatise  on 
Electricity,  shows  the  kind  of  excitement  produced  by  the  friction  of 
various  substances. 

/*  rendered  Bjf  friction  with 

The  back  of  a  cat.  J  Positive  i  ^^^^^  substance  with  which  it  has 


Smooth  glass. 


Rough  glass 


Tourmalin 


Hare's  skin 


White  silk 


Black  silk 


Sealing-wax 


Baked  wood 


I 


been  hitherto  tried. 
Positive  i  ^^^^y  substance  hitherto  tried  except 
/      the  back  <^f  a  cat. 

Positive  j  Dry  oiled  silk,  sulphur,  and  metals. 

C  Woollen  cloth,  quills,  wood,  paper. 
Negative  I     sealing-wax,  white  wax,  the  human 
^     hand. 

Positive    J  Amber,  a  current  of  air. 

Negative  i  Diamond,  the  human  hand. 

Positive   C  Metals,  silk,  loadstone,  leather,  the 
/      hand,  paper,  baked  wood. 

Negative  i  Other  finer  furs. 

Positive   f  Black  silk,  metals,  black  cloth. 

Negative  >  Paper,  hand,  hair,  weasel's  skin. 

Positive    i  Sealing-wax. 

C  The  skin  of  the  hare,  weasel,  and  fer- 
Negative  ^     ret;  loadstone,  brass,  silver.  Iron, 
^     and  the  hand. 

Positive   \  Metals. 

The  skin  of  th6  hare,  weasel,  and  fer- 
ret, the  hand,  leather,  woollen 
cloth,  paper. 

Silk. 
Flannel. 


Mr  Singer  states  that  sealing-wax  is  not  rendered  positive  by  friction 
l^ith  all  metals : — iron,  steel,  lead,  and  bismuth,  as  also  plumbago, 
^.x:ave  it  negative.  Mr  Cavallo's  statement  with  respect  to  white  silk 
and  paper  does  not  agree  with  my  observation.  The  effect  of  white 
paper  is  variable ;  but  in  a  number  of  trials  I  found  that  by  coarse 
brown  paper  white  siik  was  invariably  rendered  positive. 

The  foregoing  remarks  on  the  effects  of  friction  will  render  inteUigi* 
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ble  the  principle  of  the  electrical  machine.  In  the  time  of  G^y  t 
supply  of  electricity  was  obtained  for  experimental  purposes  by  rub- 
bing a  ^lass  tube  with  the  dry  hand.  Glass  globes  made  to  revolve 
by  machinery  were  afterwards  substituted  for  the  tube,  the  friction  be- 
ing at  first  produced  with  the  hand,  and  subsequently  by  means  of  t 
fixed  rubber.  As  now  constructed  the  electrical  machine  is  formed 
either  with  a  cylinder  or  plate  of  glass,  which  is  pressed  during  its  ro- 
tation by  cushions  stuffed  with  hair.  The  cushion  is  usually  covered 
with  an  amalgam  of  tin  and  zinc,  which,  partly  by  increasing  the  fric- 
tion, and  partly  by  the  oxidation  of  the  metals,  materially  assists  the 
action  of  the  machine.  The  electricity  developed  on  the  glass  is 
coodiicted  away  by  an  insulated  bar  of  brass  plaeed  close  to  it,  called 
the  prime  eonduetor^  on  which  it  is  collected  in  considerable  quan- 
tity, fiy  this  means  the  electricity  spread  over  the  whole  surface  of 
^e  prime  conductor  may  be  carried  off  at  the  same  instant,  and  thus 
act  wkh  far  greater  power  than  if  accumulated  on  glass  or  any  other 
imperfectly  conducting  substance. 

The  electricity  which  is  90  freely  and  unceasingly  evolved  during 
the  actien  of  a  good  electrical  machine,  is  derived  from  the  great  re- 
servoir of  electricity,  the  earth.  This  is  obvious  from  the  fact,  that  if 
tbe  whole  apparatus  is  insulated,  the  evolution  of  electricity  immedi- 
ately ceases ;  but  the  supply  is  as  instantly  restored,  when  the  requi- 
site communication  is  made  with  the  ground.  In  the  state  of 
complete  insulation  the  glass  and  prime  conductor  are  positive  ts 
usual,  and  the  rubber  is  negatively  excited  ;  but  as  the  electricity  then 
developed  is  derived  solely  from  the  machine  itself,  its  quantity  it 
exceedingly  small.  When  the  machine  is  used,  therefore,  the  rubber 
is  made  to  communicate  with  the  earth.  As  soon  as  friction  is  begun, 
the  glass  becomes  positive,  and  the  rubber  negative  ;  but  as  the  latter 
communicates  with  the  ground,  it  instantly  recovers  the  electricity 
which  it  had  lost,  and  thus  continues  to  supply  the  glass  with  an  un- 
interrupted current.  If  the  rubber  is  insulated,  and  the  prime  con- 
ductor communicates  with  the  ground,  the  electricity  of  the  former 
and  all  conductors  connected  with  it,  is  carried  away  into  the  earth, 
and  they  are  negatively  electrified. 

Friction  is  not  the  only  cause  of  electrical  excitement.  The  elec- 
tric equilibrium  is  often  disturbed  by  chemical  action;  and  frequently 
by  the  mere  contact  of  two  substances  of  a  different  kind,  as  when  a 
plate  of  zinc  is  made  to  touch  a  plate  of  copper.  The  same  body  is 
sometimes  excited  by  its  different  parts  being  unequally  heated. 
Some  substances  are  excited  by  mere  elevation  of  temperature.  This 
is  noticed  in  certain  crystallized  minerals,  as  in  tourmalin,  which  do 
not  possess  that  symmetrical  arrangement  of  parts  commonly  existing 
in  crystals.  Electricity  is  often  developed  during  a  change  of  form. 
Fused  sulphur  becomes  eleetrical  in  cooling,  and  other  liquids  exhibit 
the  satne  appearance  in  the  act  of  congealing.  Evaporation  and  the 
condensation  of  vapour  are  accompanied  by  a  similar  change,  and  it  is 
probable  that  the  electricity  excited  by  these  and  other  analogous 
processes  is  the  cause  of  the  electrical  phenomena  of  the  atmosphere. 

Another  cause  of  excitement  is  proximity  to  an  electrified  body ; 
and  as  the  explanation  of  many  electrical  phenomena  depends  on  a 
knowledge  of  this  fact,  it  is  of  importance  to  understand  it  clearly. 
When  a  substant^  excited  positively  is  brought  near  another  in  iis  na- 
tural state  and  insulated,  the  electric  equilibrium  of  the  latter  is  in- 
stantly disturbed ;  the  parts  nearest  to  the  former  become  negative, 
and  the  distant  ones  positive.  If  the  body  is  not  insulated,  its  electrf- 
city  passes  into  the  earth,  and  it  becomes  negatively  electrical.  If, 
Q  % 
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on  the  contrary,  the  exciting  substance  is  negatife,  itcaoset  the  e<m. 
tiguous  parU  of  a  body  in  its  vicinity  to  become  positive.  Hence  it 
may  be  esUblished  as  a  law,  that  an  electrified  body  tends  to  produce 
in  contiguous  substances  an  electric  state  opposite  to  its  own.  The 
electricity  developed  in  this  way  is  said  to  be  itkduted,  or  to  be  exci- 
ted  by  mductian.  The  movement  of  light  bodies  toward*  an  excited 
stick  of  sealmg-wax  or  glass  tube  is  accounted  for  on  this  principle. 
Thus,  the  vicinity  of  the  negative  sealing-wax  renders  the  surround- 
5?^  ^°^V^^^  positive,  and  therefore  a  mutual  attraction  is  exerted. 
When  the  mside  of  a  glass  botUe  is  rendered  positive  by  contact  with 
the  prime  conductor  of  the  electrical  machine,  the  outside,  if  in  com- 
munication with  the  earth,  parts  with  electricity  and  becomes  negative. 
Both  surfaces,  therefore,  are  electrified  and  are  in  opposite  states;  and 
if  a  communication  be  established  between  them  by  means  of  a  good 
conductor,  the  excess  of  electricity  instantly  passes  along  it,  and  both 
sides  of  the  glass  return  to  their  natural  condition.  That  the  experi- 
ment may  succeed  in  the  most  perfect  manner,  it  is  necessary  to 
cover  the  botUe  externally  and  internally,  except  to  within  three  or 
four  inches  of  its  summit,  with  tinfoil»  or  some  other  good  conductor, 
in  order  that  every  point  of  both  sides  of  the  glass  may  be  brought  into 
communication  at  the  same  moment.  For  without  this  precaution, 
the  electric  equilibrium  of  the  two  surfaces  of  the  bottle,  owing  to  the 
imperfect  conducting  power  of  glass,  will  be  restored  on  those  points 
only  which  are  touched.  The  apparatus  thus  described  is  much  em- 
ployed by  electricians,  and  has  received  the  name  of  Leyden  phial,  in 
consequence  of  its  remarkable  effects  having  been  first  exhibited  at  the 
University  of  Leyden.  To  render  it  more  convenient  far  use,  the 
aperture  of  the  glass  jar  or  phial  is  closed  by  some  imperfect  con- 
ductor, such  as  dry  wood,  through  the  centre  of  which  passes  a 
metallic  rod  that  communicates  with  the  tinfoil  in  the  inside  of  the  jar. 
The  phial  is  electrified  or  charged  by  holding  the  outside  in  the  hand» 
or  placing  it  on  the  ground,  while  the  metallic  rod  is  made  to  receive 
sparks  from  the  prime  conductor  of  an  electrical  machine.  If  the  jar 
is  insulated,  no  change  will  be  received,  or  at  least  very  slight  indica- 
tions of  excitement  will  be  manifested.  By  arranging  a  number  of 
Leyden  phials  in  a  box  lined  with  tinfoil,  so  that  they  may  all 
communicate  freely  by  their  outer  sur&ces,  and  then  bringing  their 
inner  surfaces  into  communication  by  wires, <he  whole  series  may  be 
charged  and  discharged  in  the  same  manner  as  a  single  phial.  This  ar- 
rangement is  known  by  the  name  of  eleetrieal  baitery. 

Some  of  the  phenomena  of  lightning  are  explained  on  the  principle 
of  induced  electricity.  When,  ibr  instance,  a  negatively  electrified 
cloud  approaches  the  earth,  all  objects  in  its  vicinity  are  positively 
excited ;  and  when  it  comes  within  what  is  called  the  atrUdng  diS'^ 
tance,  that  is,  so  near  that  the  tendency  of  the  electricity  to  pass  from 
the  positive  to  the  negative  body,  overcomes  the  resistance  of  the 
intermediate  stratum  of  air,  the  equiUhnum  is  restored  with  a  report 
and  flasji  of  light,  exactly  as  in  the  discharge  of  a  Leyden  t^ial.  A 
similar  effect  is  produced  by  an  electrified  cloud  on  other  clouds 
within  the  sphere  of  its  influence.  ' 

The  passage  of  electricity  is  frequently  attended  with  the  prodiie- 
tion  of  heat  and  light,  effects  which  invariably  ensue  when  it  meets 
with  an  impediment  to  its  progress,  asjn  passing  thrSugh  an  imperfeet 
conductor.  The  most  familiar  illustration  of  this  is  aflforded  by  its 
passage  though  the  air,  when  it  gives  rise  to  a  spark  accompanied 
with  a  peculiar  snapping  noise,  if  in  small  quantity ;  or  to  the  phe- 
nomena of  thunder  and  ughtning,  when  it  takes  place  on  a  large  scaie^ 
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Oa  the  contrary,  it  passes  aloDg  perfect  conductors,  snch  as  the  me- 
tals, without  any  perceptible  warmth  or  light,  provided  the  extent  of 
their  surface  is  in  proportion  to  the  quantity  of  electricity  to  be  trans* 
mitted  by  them;  but  if  the  charge  is  too  great  in  relation  to  the  ex* 
tent  of  the  conducting  surface,  an  intense  degree  of  heat  will  be  pro* 
duced. 

Electricity  acts  with  surprising  energy  on  the  animal  system. 
When  a  large  quantity  of  the  electric  fluid  passes  through  the  body, 
the  vital  functions  cease  on  the  instant,  as  is  exemplified  by  the 
sumerous  accidents  on  record  of  persons  being  killed  by  lightning. 
Even  the  small  quantity  of  electricity  contained  in  a  Leyden  phial 
gives  a  very  powerful  shock,  exciting  a  sodden  spasm  of  the  muscles 
along  which  it  passes,  so  violent  as  to  produce  a  disagreeable  or  even 
painful  setfdation.  The  shock  from  a  large  electrical  battery  is  much 
more  severe,  and  smaller  animals,  such  as  rabbits  and  fowls,  are  des* 
troyed  by  its  action. 

It  is  very  important,  in  conducUng  electrical  experiments,  to  possess 
an  easy  method  of  discovering  when  any  substance  is  electrified,  of 
aseertaining  its  intensity  or  the  degree  to  which  it  is  excited,  and  dis* 
tingulsbing  the  kind  of  excitement.  The  mode  of  effecting  these  ob- 
jects is  founded  on  electrical  attraction  and  repulsion,  and  the  in- 
struments employed  for  the  purpose  are  called  Electroaeopea  and 
Eleetromelers,  the  latter  denoting  the  intensity  of  electricity,  the  for- 
mer  merely  indicating  excitement,  and  the  electrical  state  by  which  it 
Is  produced.  The  term  electrometer,  however,  is  often  indiscrimi- 
pately  applied  to  all  such  instruments,  since  the  methods  of  ascertain- 
ing the  kind  of  excitement  give  at  the  same  time  some  idea  of  its  in- 
tensity. A  body  is  known  to  be  excited  by  its  power  of  attracting 
light  substances,  and  a  small  ball  made  of  the  pith  of  elder,  suspended 
on  a  silk  thread,  affords  a  convenient  material  for  the  experiment. 
Another  mode  of  acquiring  the  same  information  is  by  means  of  two 

I)ith  balls  suspended  from  the  same  point  by  silk  threads  of  equal 
ength.  When  alhthe  surrounding  objects  are  unexcited,  the  pith  balb 
remain  in  contact;  but  on  the  approach  of  any  electrified  body,  the  two 
halls  are  excited  by  induction,  and,  having  the  same  electricity,  diverge 
or  retreat  from  each  other.  A  more  delicate  contrivance,  but  of  a 
similar  kind,  was  invented  by  Mr  Bennett,  and  is  known  by  the  name 
of  the  Gold  Leaf  Electrometer,  It  consists  essentially  of  a  cylindri- 
cal glass  bottle,  with  its  aperture  closed  by  a  brass  plate,  from  the  cen- 
tre of  which  two  slips  of  gold  leaf,  are  suspended. 
The  brass  plate,  with  its  slips  of  gold  leaf,  are  thus  in- 
sulated, and  the  latter  prevented  from  being  moved 
by  currents  of  air  by  the  glass  with  which  they  are 
surrddnded.  The  approach  of  any  electrified  body, 
even  though  feebly  excited,  to  the  brass  plate,  is  im- 
mediately detected  by  the  divergence  of  the  leaves. 
In  the  annexed  wood-cut  this  electrometer  is  exhibit- 
ed with  its  leaves  in  a  state  of  divergence. 

A  very  simple  method  of  dislinjruishing  the  kind  of  excitement  is 
ttie  following.  If  a  piece  of  white  silk  be  drawn  a  few  times  rapidly 
between  the  fingers,  it  will  become  negative  ;  and  if  in  this  state  it  is 
■ospended  m  the  air,  it  will  be  attracted  by  a  body  positively  excited, 
ind  repelled  by  one  which  is  negative.  When  rubbed  on  black  cloth 
tfce  silk  is  rendered  positive,  and  will  then  of  course  retreat  from  a 
aobstottce  similarly  electrified,  and  be  attracted  by  one  in  an  opposite 
•tate.    The  indications  of  the  goM  leaf  electrometer  are  still  more  deli- 
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eate.  If  the  leaves  are  diverf^'ng  with  positive  electricity,  the  ap* 
proach  of  a  positively  excited  body  to  the  brass  plate  increases  the  di- 
vergence; because  the  electric  equilibrium  is  immediately  disturbed, 
and  while  the  plate  becomes  negative,  the  gold  leaves  acquire  a  still 
greater  degree  of  electricity.  The  approach  of  a  negatively  excited  body 
would  df  course  be  productive  of  a  change  precisely  opposite,  and  the 
divergence,  if  produced  by  positive  electricity,  would  be  diminished, 
or  even  entirely  destroyed.  To  prepare  the  electrometerfor  an  ob- 
servation, it  is  however  necessary  to  communicate  to  it  a  known  state 
of  excitement.  This  may  be  done  by  touching  the  electrometer  with 
an  electrified  body,  such  as  an  excited  glass  tube  or  sticjc  of  sealing- 
wax,  when  the  whole  metallic  surface  of  the  electrometer  is  electri- 
fied in  fhe  same  manner  as  the  substance  by  which  it  was  touchecf^ 
A  more  convenient  method  is  to  communicate  electricity  permanently 
by  induction.  Thus,  on  placing  a  negatively  excited  body,  as  for  ex- 
ample a  stick  of  sealing-wax  after  friction  on  woollen  cloth,  near  the 
brass  plate  of  the  electrometer,  the  electric  equilibrium  of  its  whole 
metallic  surface  is  disturbed  ;  the  brass  plate  becomes  positive,  and  the  > 
slips  of  gold  leaf  diverge  from  being  negative.  On  withdrawing  the 
sealing-wax,  the  excess  of  electricity  accumulated  on  the  plate  re- 
turns to  the  leaves,  and  the  equilibrium  is  restored ;  but  if,  while  the 
sealing-wax  is  near  the  top  of  the  instrument,  the  plate  is  touched  with 
the  finger,  a  portion  of  electricity  is  supplied  to  the  gold  leaves  from 
the  earth,  and  the  divergence  ceases  more  or  less  completely,  while 
the  excess  of  electricity  is  preserved  on  the  plate  by  the  vicinity  of 
the  sealing-wax.  On  removing  first  the  finger  and  then  the  sealing- 
wax,  ihe  brass  is  left  with  an  exces?  of  electricity,  which  extends 
over  the  whole  metallic  surface  of  the  electrometer,  and  thus  pro- 
duces a  divergence  which  continues  for  a  considerable  time,  if  the  glass 
is  dry,  and  the  atmosphere  moderately  free  from  moisture. 

The  electrometer  most  frequently  employed  for  estimating  the  in- 
tensity of  electricity  is  that  shown  in  the  annexed  wood  cut,  invented 
by  Mr  Henley,  and  commonly  called  the  quadrant 
eUetrometer.  It  consists  of  a  smooth  round  stem  of 
wood  a  b,  about /Beven  inches  long,  terminated  above 
by  a  ball,  immediately  below  which,  and  projecting 
from  the  side  of  the  stem,  is  attached  a  semicircular  / 
piece  of  ivory.  In  the  centre  e  of  the  semicircle  is  \ 
fixed  a  pin,  from  which  is  suspended,  to  serve  as  an 
index,  a  slender  piece  of  wood  or  cane  d  e,  four  in- 
ches in  length,  and  terminated  by  a  small  ball.  When 
the  apparatus  is  screwed  on  the  prime  conductor,  or 
placed  on  any  electrified  body,  it  indicates  the  in- 
tensity of  the  electricity  by  the  extent  to  which  the 
index  is  repelled  by  the  stem.  In  order  to  mark  the 
divergence  accurately,  the  lower  half  of  the  semicircle, 
which  is  traversed  by  the  index,  is  divided  into  90 
equal  parts  or  degrees.  But'this  instrument  is  not  well  adapted  to  re- 
searches of  delicacy.  The  only  electrometer  suited  for  such  purposes 
is  ihe  electrical  balance  invented  by  Coulomb,  which  measures  the 
intensity  of  an  excited  body  by  its  power  of  twisting  a  thread  of  ^kor 
a  fine  metallic  wire. 

In  some  of  the  preceding  remarks  a  term  has  been  employed,  which 
perhaps  will  not  be  understood  without  an  explanation.  By  electric 
tension  or  intensity  is  meant  that  state  of  a  body  which  is  estimated 
by  an  electrometer.  When  a  body  acts  feebly  on  the  electrometer 
its  intensity  is  low,  and  it  differs  but  little  from  its  natural  state  i  and 
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on  the  contctiy  if  it  afiects  the  electrometer  powerfiiUy,  its  electric 
tension  is  great.  Tiie  higher  the  intensity  of  a  body,  the  more  it  is 
removed  from  its  natural  state,  and  the  greater  its  tendency  to  return 
to  an  equilibrium.  Intensity  is  distinct  from  qtumtity  of  electricity. 
That  intensity  is  not  dependent  on  quantity  aJone,  is  proved  by  the 
tension  of  a  charged  Leyden  phial  being  equal  to  that  of  a  large 
battery  containing  twenty  times  more  electricity.  The  tension  ap- 
pears to  depend  on  the  quantity  of  electricity  accumulated  or  den- 
cient  in  a  given  space ;  so  that  the  intensity  of  those  substances  is 
greatest,  which  have  the  greatest  excess  or  deficiency  of  electricity  in 
proportion  to.  their  surface. 

Electricity  appears  to  diffuse  itself  over  the  surface  of  bodies,  and 
the  quantity  contained  on  the  same  substance,  all  other  circumstances 
being  the  same,  depends  on  the  extent  of  surface,  and  is  not  con- 
nected with  quantity  of  matter.  Thus  a  solid  sphere  of  brass  cannot 
contain  more  electricity  than  a  hollow  sphere  of  the  same  diameter. 


SECTION  IV. 

GALVANISM. 

The  science  of  Galvanism  owes  its  name  and  origin  to  the  experi- 
ments on  animal  frritability  made  by  Galvani,  Professor  of  Anatomy  at 
Bologna,  in  the  year  1790.  In  the  course  of  the  investigation  he  dis- 
covered the  fact,  that  muscular  contractions  are  excited  in  the  leg  of  a 
frog  recently  killed,  when  two  metals,  such  as  zinc  and  silver,  one  of 
which  touches  the  crural  nerve,  and  the  other  the  muscles  to  which  it 
is  distributed,  are  brought  into  contact  with  one  another.  Galvani 
imagined  that  the  phenomena  are  owing  to  electricity  present  in  the 
muscles,  and  that  the  metals  only  serve  the  purpose  oi  a  conductor. 
He  conceived  that  the  animal  electricity  originates  in  the  brain,  is 
distributed  to  every  part  of  the  system,  and  resides  particularly  in  the 
muscles.  He  was  of  opinion  that  the  different  parts  of  each  muscular 
fibril  are  in  opposite  states  of  electrical  excitement,  like  the  two  sur- 
faces of  a  diarged  Leyden  phial,  and  that  contractions  take  place 
whenever  the  electric  equilibrium  is  restored.  This  he  supposed  to 
be  effected  during  life  though  the  medium  of  the  nerves,  and  to  have 
been  produced  in  his  experiments  by  the  intervention  of  metallic  con- 
ductors. 

The  views  of  Galvani  had  several  opponents,  one  of  whom,  the 
celebrated  Volta,  Professor  of  Natural  Philosophy  at  Pavia,  succeeded 
in  pointing  out  their  fallacy.  Volta  maintained  that  the  elec^city  is 
excited  by  the  contact  of  the  metals;  that  the  animal  substances 
merely  act  as  conductors  in  restoring  the  electric  equilibiiam  at  the 
moment  of  its  being  disturbed ;  and  that  the  contraction  is  pro- 
duced by  the  stimulus  arising  from  the  passage  of  electricity  along  the 
nerves  and  muscular  fibres.  He  proved  that  electricity  is  excited  in 
the  way  he  supposed,  by  bringing  plates  of  different  metals,  such  as 
Bine  and  silver,  in  contact  with  one  another,  and  examining  their  elec- 
trical state  at  the  moment  of  separation  by  means  of  a  delicate  eleetro- 
meter.  For  this  purpose,  it  is  necessary  to  insulate  each  of  the 
metallic  discs,  by  supporting  them  on  a  handle  of  glass  or  resin.  On 
taking  this  precaution,  it  was  found  that  both  the  metals  ure  excited, 
the  sUv^r  negatively,  aqd  the  %iDc  positivelyt 
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Ai  the  qoftntity  of  electricity  excited  by  any  two  metals  is  smaH, 
Volta  endeavoured  to  increase  the  eflect  by  employing  several  pairs 
of  metals,  connecting  them  in  such  a  manner  that  the  electricity  ex- 
cited by  each  pair  should  be  diflfused  through  the  whole  series ;  and 
this  attempt  led  him  to  the  construction  of  the  Voltaic  pile,  a  descrip* 
tion  of  which  was  published  in  the  Philosophical  Transactions  for  1800. 
It  consists  of  any  number  of  pairs  of  zinc  and  copper,  or  zinc  and 
silver  plates,  each  pair  being  separated  from  the  adjoining  ones  by 
pieces  of  cloth,  nearly  of  the  same  size  as  the  plates,  and  moistened 
in  a  saturated  solution  of  salt.  The  relative  position  of  the  metals  in 
each  pair  must  be  the  same  in  the  whole  series ;  that  is»  if  the  copper 
is  placed  below  the  zinc  in  the  first  combination,  the  same  order  must 
be  preserved  in  all  the  others.  The  pile,  as  shown  in  the 
figure  is  contained  in  a  proper  frame,  formed  of  glass 
pillars,  fixed  into  a  piece  of  thick  wood,  which  both 
supports  and  insulates  it. 

The  apparatus  so  formed  is  in  the  same  state  of  excite- 
ment  as  the  insulated  metallic  discs  after  contact,  and 
affects  the  electrometer  and  excites  muscular  contrac- 
tions in  a  similar  manner,-but  in  a  much  greater  degree. 
The  opposite  ends  of  the  pile  are  also  differently  excit- 
ed, the  side  which  begins  with  a  zinc  plate  being 
positive  and  the  other  negative ;  and  hence  when  they 
are  made  to  communicate  by  means  of  a  good  conduc- 
tor, electricity  must  pass  from  the  one  to  the  other,  precisely  as  is 
supposed  to  happen  in  the  discharge  of  a  Leyden  phial.  But  the  ap- 
paratus is  not  thereby  rendered  inactive ;  for  as  the  conditions  which 
originally  excited  it  are  still  maintained,  the  equilibrium  is  no  sooner 
restored  than  it  is  again  disturbed,  and  therefore  a  continued  currMkt 
must  pass  from  one  end  or  pole  to  the  other  along  the  wire  by  which 
they  are  connected. 

The  Voltaic  pile  is  now  rarely  employed,  because  we  possess  other 
modes  of  forming  galvanic  combinations  which  are  far  more  powerful 
and  convenient.  The  galvanic  battery,  proposed  by  Mr  Cruickshank, 
and  represented  in  the  annexed  cut,  consists  of  a  trough  of  baked 


wood,  about  thirty  inches  long,  in  which  are  plased  at  equal  distances, 
fifty  pairs  of  zinc  and  copper  plates  previously  soldered  together,  and 
so  arranged  that  the  same  metal  shall  always  be  on  the  same  side. 
Each  pair  is  fixed  in  a  groove  cut  in  the  sides  and  bottom  of  the  box, 
the  points  of  Junction  being  made  water-tight  by  cement.  The  ap- 
paratus thus  constructed  is  always  ready  for  use,  and  is  brought  into 
action  by  filling  the  cells  left  between  the  pairs  of  plates  with  some 
convenient  solution,  which  serves  the  same  purpose  as  the  moistened 
cloth  in  the  pile  of  Volta. 

Other  modes  of  construction  are  now  in  use  which  facilitate  the 

.  employment  of  the  galvanic  apparatus,  and  increase  Its  energy.    The 

tcougby  made  either  of  baked  wood  or  glazed  eartbenwara,  is  dlvidad 
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iato  partUk)D8  of  the  same  material.  Each  cell  contains  a  plate  of 
sine  and  another  of  copper,  which  do  not  touch  each  other,  but  com- 
municate merely  through  the  medium  of  the  fluid  in  which  they 
are  immersed.  The  zinc  plate  of  one  cell  is  connected  with  tfaie 
copper  of  the  adjoining  one  by  means  of  a  slip  of  copper.  AH  the 
plates  are  attached  to  a  piece  of  wood,  and  may  thus  be  introduced  into 
the  liquid  of  the  trough,  or  removed  from  it  at  pleasure.  This  method 
was  suggested  by  the  Couronne  de  Tosses  of  Volta,  an  arrangement 
which  was  described  by  him,  together  with  his  pile,  in  the  paper 
already  alluded  to.  It  consists  of  cups  or  glasses  placed  in  a  line,  and 
containing  the  fluid  for  exciiing  the  plates.  Each  glass,  except  the 
extreme  ones,  contains  a  plate  of  zinc,  Z,  and  a  plate  of  copper  or 
silver,  C ;  and  each  zinc  plate  is  attached  to  the  copper  of  the  adjoin- 
ing glass  by  a  metallic  wire,  as  represented  in  the  figure. 


In  batteries  of  this  construction  the  development  of  electricity  ia 
not  produced  by  direct  contact,  but  by  the  proximity  of  the  plates 
while  separated  by  an  imperfect  conductor.  The  connection  between 
the  zinc  of  one  cell  and  the  copper  of  the  adjoining  one,  is  to  afford 
a  passage  for  electricity  from  one  member  of  the  series  to  another. 
An  additional  improvement  was  suggested  by  Dr  Wollaston,  (see  Mr 
Children's  paper  in  the  Philos.  Trans,  for  1S15),  who  recommends 
that  ea.ch  cell  shall  contain  one  zinc  and  two  copper  plates,  so  that 
hoth  surfaces  of  the  first  metal  may  be  opposed  to  one  of  the  second. 
In  consequence  of  this  arrangement,  the  plates  of  copper  communicate 
with  each  others  and  the  zinc  between  them  with  the  copper  of  the 
adjoining  cell.  An  increase  of  one  half  the  power  is  said  to  be  ob* 
tained  by  this  method. 

The  size  and  number  of  the  plates  may  he  varied  at  pleasure.  The 
largest  battery  ever  made  is  that  of  Mr  Children,  described  in  the  pa- 
per above  referred  to,  the  plates  of  which  are  six  feet  long,  and  two 
feet  eight  inches  broad.  The  common  and  most  convenient  size  for 
the  plates  is  four  or  six  inches  square ;  and  when  great  power  is  re- 
quired, a  number  of  different  batteries  are  united  by  establishing  a 
metallic  communication  between  the  positive  pole  of  one  battery  and 
the  negative  pole  of  the  adjoining  one.  The  great  battery  of  the 
Royal  Institution  is  composed  of  2000  pairs  of  plates,  each  plate  hav- 
ing 32  square  inches  of  surface.  It  was  by  this  that  Sir  H«  Davy 
was  enabled  to  effect  the  decomposition  and  determine  the  constitu- 
tion of  the  alkalies,  a  discovery  which  has  at  once  extended  so  much 
the  bounds  of  chemical  science,  and  conferred  immortal  honour  on 
the  name  of  the  discoverer. 

When  a  Voltaic  battery  is  in  operation,  chemical  changes  always 
occur  between  the  liquid  of  the  cells,  and  one  of  the  metals  with 
which  it  is  in  contact.  And  these  changes  have  been  observed  to  be 
so  constant,  and  so  intimately  associated  with  some  of  the  most 
remarkable  effects  of  the  pile,  that  they  have  been  thought  by  some 
philosophers  to  be  essential  to  the  phenomena  of  galvanism.  In 
favour  of  this  opinion  very  strong  arguments  have  been  adduced. 
The  energy W  a  battery  in  producing  chemical  decomposition  certainly 
depends  on'the  nature  of  the  liquid  contained  ia  its  cells.    Thus  when 
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they  are  filled  with  pare  wttev,  the  deeoniporiDg  power  is  vefy 
feeble ;  but  even  then  the  suf&ce  of  the  suae  is  (gradually  corroded* 
A  saline  solution  increases  tihe  chemieal  energy  of  the  battery,  and  at 
the  same  time  the  oxidation  of  the  zinc  is  more  rapid  than  with  pure 
water.  An  acid  corrodes  the  zinc  with  still  greater  rapidity,  and  pro* 
portlonally  augments  the  power  of  the  battery  in  effecting  decomposi- 
tion. It  is  established,  however,  that  the  electrical  effects  are  not 
proportional  to  the  chemical  changes  going  on  in  the  battery ;  and  it 
is  a  question,  which  will  be  considered  in  the  sequel  of  this  section, 
how  far  these  phenomena  are  necessarily  connected  with  each  otlieh 
In  constructing  a  gaWanic  battery*  each  member  of  the  series  must 
consist  either  of  one  imperfect  and  two  perfect  conductors,  or  of  one 
perfect  and  two  imperfect.  In  his  Bakerian  Lecture  for  1826^  Sir 
H.  Davy  has  given  the  following  list  of  the  first  kind  of  Voltaic  ar* 
rkngements,  the  imperfect  conductor  being  either  the  common  acids* 
alkaline  solutions,  or  solutions  of  the  hydrosulphurets.  The  metal 
first  mentioned  is  positive  to  all  those  below  it  in  the  scale. 

With  common  Adds* 
Potassium  and  its  amalgams,  barium  and  its  amalgams,  amalgam  of 
zinc,  zinc,  amalgam  of  ammonium?  cadmium,  tin,  iron,  bismuth, 
antimony  ?  lead,  copper,  silver,  palladium,  tellurium,  gold,  charcoal, 
platinum,  iridium,  rhodium. 

With  Jilkaline  Solutions, 
The  alkaline  metals  and  their  amalgams,  zinc,  tin,  lead,  copper, 
iron,  silver,  palladium,  gold,  platinum,  &c. 

With  Solutions  of  Hydrosulphurets. 

Zinc,  tin,  copper,  iron,  bismuth,  silver,  platinum,  palladium,  gold, 
charcoal. 

The  following  table  of  Voltaic  arrangements  of  the  second  kind  is 
from  Sir  H.  Davy's  Elements  of  Chemical  Philosophy : 

Table  of  some  Electrical  Arrangements,  consisting  of  one  ConduC' 
tor  and  two  imperfect  Conductors* 

Solution  of  Sulphur  and  Potassa 
Potassa 
Soda 


Copper 

Nitric  Acid 

Silver 

Sulphuric  Acid 

Lead 

Muriatic  Acid 

Tin 

Any  solution  con* 

Zinc 

tainihg  Add. 

Other  Metals 

Charcoal 

In  all  combinations  in  which  the  fluids  act  chemically  by  affording 
oxygen,  the  positive  pole  is  always  attached  to  the  metal  which  has 
the  strongest  aMnity  for  oxygen ;  but  when  the  fluid  menstrua  afford 
sulphur  to  the  metals,  the  metal  which  has  the  strongest  affinity  for 
sulphur  will  be  positive.  Thus,  in  a  series  of  copper  and  iron  plates 
introduced  iilto  a  porcelain  trough,  the  cells  of  which  are  filled  with 
water  or  acid  solutions,  the  iron  is  positive,  and  the  copper  negative ; 
but  when  the  cells  are  filled  with  solution  of  sulphur  and  potassa,  the 
copper  is  positive,  and  the  iron  negative. 
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In  all  combinations  in  which  one  metal  is  concerned,  the  surface  op« 
polite  to  .the  acid  is  negative,  and  that  in  contact  with  the  solution 
of  alkali  and  sulphur,  or  of  alkali,  is  positive.  (Elements  of  Chemi- 
cal Philosophy.)' 

The  more  remarkable  effects  of  the  galvanic  battery  may  be  con- 
veniently (^pnsidered  under  three  heads.  Ist,  Its  electrical  effects ;  2d, 
its  chemical  agency ;  and  dd,  its  action  on  the  magnet. 

I.  Under  the  first  head  are  included  all  those  effects  of  the  battery 
which  resemble  the  usual  phenomena  produced  by  the  electrical  ma- 
chine. When  a  wire  attached  to  the  zinc  or  positive  side  of  a  Voltaic 
battery  is  made  to  communicate  with  Bennett's  electrometer,  the 
gold  leaves  diverge  with  positive  electricity,  and  a  wire  from  the 
negative  side  produces -an  effect  precisely  opposite.  But  in  order  that 
these  phenomena  should  ensue,  the  two  wires  must  not  touch  each, 
other ;  for  in  that  case  an  electric  current  would  be  established  along 
the  wires,  and  the  tension  cease.  When  wires  connected  with  the 
opposite  poles  or  sides  of  an  active  galvanic  trough  are  brought  near 
each  other,  a  spark  is  seen  to  pass  between  them ;  and  on  establish- 
ing the  communication  by  means  of  the  hands  previously  moistened, 
a  distinct  shock  is  perceived.  These  effects  are  rendered  more  con- 
spicuous by  connecting  one  of  the  wires  with  the  inner  surface,  and 
the  other  with  the  outside  o^a  Leyden  phial  or  battery,  when  suc- 
cessive charges  will  be  received,  by  means  of  whiA  all  the  ordinary 
electrical  experiments  may  be  exhibited.  On  c<^nnecting  the  opposite 
ends  of  a  sufficiently  powerful  battery  by  means  of  fine  metallic  wires 
or  slender  pieces  of  charcoal,  tke^  conductors  become  intensely 
heated,  the  wires  even  of  the  most  refractory  metals  are  fused,  and  a 
vivid  white  light  appears  at  the  points  of  the  charcoal,  equal  if  not 
superior  in  intensity  to  that  emitted  during  the  burning  of  phosphorus 
In  Oxygen  gas ;  and  as  this  phenomenon  takes  place  in  an  atmosphera 
void  of  oxygen,  or  even  tinder  the  surface  of  water,  it  manifestly  can- 
not be  ascrmed  to  combustion.  If  the  communication  be  established 
by  metallic  leaves,  the  metals  burn  with  vivid  scintillations.  Gold 
leaf  bums  with  a  white  light  tinged  with  blue,  and  yields  a  dark  brown  ^ 
oxide;  and  the  light  emitted  by  silver  is  exceedingly  brilliant,  and  of 
an  emerald  green  colour.  Copper  emits  a  bluish  white  light  attended 
with  red  sparks,  lead  a  beautiful  purple  light,  and  zinc  a  brilliant  white 
'  light  inclining  to  blue,  and  fringed  with  red.  (Singer.)  The  pro- 
perties above  enumerated  naturally  give  rise  to  the  belief,  that  the 
agent  or  power  exited  by  the  Voltaic  apparatus  is  identical  with  that 
which  is  called  into  activity  by  the  etectrical  machine ;  and  the  ar- 
guments in  favour  of  this  opinion  seem  quite  satisfactory.  For  not 
only  may  all  the  common  electrical  experiments  be  performed  by^ 
means  of  galvanism,  but  it  has  been  shown  by  Dr  Wollaston  (Phil. 
Trans,  for  1801 )  that  the  chemical  effects  of  the  galvanic  battery  may 
be  produced  by  electricity. 

The  conditions  required  for  producing  the  electrical  effects  of  the 
Voltaic  battery  are  different.  Some  phenomena  are  dependent  alto- 
gether on  the  electric  intensity  of  the  apparatus ;  for  others  both 
quantity  and  intensity  are  essential ;  and  for  the  production  of  other 
effects  the  passage  of  a  large  quantity  of  electricity  is  alone  required. 
The  electric  tension  of  a  battery  depends  chiefly  on  the  number  of  the 
series,  and  comparatively  little  either  on  the  size  of  the  plates,  or  the 
fluid  by  which  they  are  excited ;  whereas  all  these  conditions  have  a 
material  influence  over  the  quantity  of  electricity.  When  it  is  wished 
to  procure  a  high  degree  of  tension,  a  great  number  of  small  plates 
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riiould  be  employed,  ftfid  the  ceMs  filled  with  water.  Oo  tlie  contraty, 
when  quantity  of  electricity  1b  the  chief  object,  great  extent  of  sur- 
face is  necessary :  the  individual  plates  should  be  of  large  size,  and 
exqited  by  an  acid,  which  promotes  the  object,  partly  by  producing 
brisk  chemical  action,  and  partly  by  serving  as  a  more  perfect  con- 
ductor than  water  or  solutions  of  neutral  salts. 

Since  the  force  of  electrical  attraction  and  repulsion  arises  from  in- 
tensity independent  of  quantity  ofelectric  fluid,  it  is  manifest  that  an 
electrometer  is  affected  solely  by  the  tension  of  a  battery,  and  serves 
as  a  measure  of  its  degree.  For  acting  on  the  electrometer,  therefore, 
a  battery  of  numerous  small  plates  is  peculiarly  suited ;  their  size  need 
not  exceed  an  inch  or  two  inches  square.  Mr  Singer,  in  his  Treatise 
on  Electricity  and  Galvanism,  stated,  that  common  rii^er  water  is  the 
best  material  for  excitipg  a  battery  of  this  kind,  and  that  the* addition 
of  saline  or  acid  matter  even  diminishes  the  intensity.  He  found  that 
an  apparatus  eo  charged  will  retain  its  activity  for  months. 

For  producing  sparks,  charging  an  electrical  itattery,  or  giving 
shocks,  both  tension  and  quantity  of  electricity  are  desirable :  and  the 
apparatus  designed  for  such  purposes  should  have  a  numerous  series 
of  plates  about  four  inches  square^  and  be  excited  with  dilute  acid.  In 
burning  metallic  leaf,  fusing  wire,  and  igniting  charcoal,  a  large 
quantity  of  electricity. is  the  only  requisite.  The  phenomena  seem 
to  arise  from'  the  electricity  passing  along  these  substances  with  diffi- 
culty ;  a  circumstance  which,  as  perfect  conductors  are  used,  can  only 
happen  when  the  quantity  to  be  transmitted  is  out  of  proportion  to 
the  extent  of  surface  over  which  it  has  to  pass.  It  is  therefore  an 
object  to  excite  as  large  a  quantity  of  electricity  in  a  given  time  as 
possible,  and  for  this  purpose  a  few  large  plates  answer  better  than  a 
ereat  many  small  ones.  A  strong  acid  solution -ehould  also  be  used ; 
for  an  energetic  action,  though  of  short  duration,  is  more  important 
than  a  moderate  one  of  greater  permanence.  A  mixture  of  fourteen 
or  eixteen  parts  of  water  to  one  of  nitrous  acid  is  applicable ;  or  for 
the  sake  of  economy,  a  mixture  of  one  part  of  nitrous  to  two  parts  of 
sulphuric  acid  may  be  substituted  for  pure  nitrous  acid.  The  large 
battery  of  Mr  Children,  though  capable  of  fusing  several  feet  of 
platinum  wire,  had  an  electric  tension  so  feeble^  that  it  did  not  affect 
the  gold  leaves  of  the  electrometer^  gave  a  shock  scarcely  preceptible 
even  when  the  hands  were  moist,  communicated  no  charge  to  a  Ley- 
den  phial,  and  could  not  produce  chemical  decomposition  *i 


*  Dr  Hare  has  broached  a  very  ingenious  theory  to  account  for  the 
heat  excited  by  galvanic  action.  He  does  not  consider  it  probable 
that  the  heat  extrieated  by  galvatiic  combinations  is  the  effect  of  the 
current  of  electricity  passing  with  difficulty  along  conductors,  in  con- 
sequence of  the  quantity  to  be  transmitted  being  out  of  proportion  to 
the  extent  of  the  surfaces  over  which  it  has  to  pass.  On  the  contrary, 
he  believes  that  caloric,  like  electricity,  is  an  original  product  of 
galvanic  action.  According  to  his  views,  the  relative  proportion  of  the 
two  principles  evolved  depends  upon  the  construction  of  tne  apparatus, 
the  caloric  being  in  proportion  to  the  extent  of  the  generating  sur- 
face, and  the  electricity  to  the  number  of  the  series.  In  the  case  of 
batteries,  in  which  the  size  and  number  of  the  plate*  are  very  consi- 
derable, both  electricity  and  caloric  are  presumed  by  him  to  be  genera- 
ted in  large  quantities.  When  the  number  of  the  plates  is  very  great, 
and  their  size  insignificant,  as  hi  De  Luc's  column,  electricity  is  the 
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li.  The  cbemicftl  a|i;eney  of  the  Voltaic  apfmrttas,  to  which  chem- 
ists are  indebted  for  their  most  powerful  instrument  of-  analysis,  was 
discovered  by  Messrs  Carlisle  and  Nicholson,  soon  after  the  inven- 
tion was  made  known  in  this  country.  The  substance  first  decom- 
posed by  it  was  water.  When  two  gold  or  platinum  wires  are  con- 
nected with  the  opposite  poles  of  a  battery,  and  their  free  eitremtties 
are  plunged  into  the  same  cup  of  water,  but  without  touching  each  ' 
other,  hydrogen  gas  is  disengaged  at  the  negative  wire,  and  oxygen 
at  the  positive  side.  By  collecting  the  gases  in  separate  tubes  as  they 
escape,  they  are  found  to  be  quite  pure,  and  in  the  exact  proportion  i 
of  two  measures  of  hydrogen  to  one  of  oxygen.  When  wires  of  a 
more  oxidable  metal  are  employed,  the  result  is  somewhat  different. 
The  hydrogen  gas  appears  as  usual  at  the  negative  pole  ;  but  the  oxy- 
gen, instead  of  escaping,  combines  with  the  metal,  and  converts  it 
into  an  oxide. 

This  important  discovery  led  many  able  experimenters  to  make 
similar  trials.  Oihet  compound  bodies,  such  as  acids  and  salts,  were 
exposed  to  the  action  of  galvanism,  and  all  of  them  were  decomposed 
without  exception,  fone  o?  their  elements  appearing  atx»ne  side  of  the 
battery,  and  the  other  at  its  opposite  extremity.  An  exact  uniformity 
in  the  circumstances  attending  the  decomposition  was  also  remarked. 
Thus,  in  decomposing  water  or  other  compounds,  the  same  kind  of 
body  was  always  disengaged  at  the  same  side^of  the  battery.  The 
metals,  inflammable  substances  in  general,  the  alkahes,  earths,  and 
the  oxides  of  the  common  metals»  were  found  at  the  negative  pole; 
yvhile  oxygen,  chlorine,  and  the  acids,  went  over  to  the  positive  sur* 
(ace. 

In  performing  some  of  these  experiments.  Sir  H.  Davy  observed, 
that  if  the  conducting  wires  were  plunged  into  separate  vessels  or 
water,  made  to  communicate  by  some  moist  fibres  ef  cotton  or 
amianthus,  the  two  gases  were  still  disengaged  in  their  usual  order, 
the  hydrogen  in  one  vessel,  and  the  oxygen  in  the  other,  just  as  if  the 
wires  had  been  immersed  into  the  same  portion  of  that  liquid.  This 
singular  fact,  and  another  of  the  like  kind  observed  by  Hisinger  and 
Berzelius,  induced  him  to  operate  in  the  same  way  with  other  com- 
pounds, and  thus  gave  rise  to  his  celebrated  experiments  on  the  trans- 
fer of  chemical  substances  from  one  vessel  to  another,  detailed  in  the 
Philosophical  Transactii^ns  for  1807.    Two  agate  cups,  N  and  P, 


sole  product  (  and  conversely,  where  the  size  is  very  great  and  the 
number  of  the  series  small,  caloric  is  abundantly  produced,  and  the 
electrical  effects  are  nearly  null.  Following  up  this  idea,  Dr  Haie 
constructed  an  instrument,  consisting  of  very  large  plates,  in  which  the 
number,  being  only  one  pair,  was  as  small  as  the  nature  of  the  case 
would  admit  of,  with  the  expectation  that  such  a  construction  would 
generate  caloric  exclusively.  The  result  answered  his  expectations, 
and  the  instrument,  from  its  peculiar  powers,  was  denominated  by  the" 
inventor  a  Calorimotor  or  mover  of  heat.  (Hare's  Chemical  Com- 
pendium.— Appendix.)  Subsequently  Pr  Hare  constructed  another 
galvanic  apparatus  of  peculiar  construction,  to  which  he  has  affixed  the 
name  of  Deflagrator.  This  instrument  is  more  powerful  than  any 
galvanic  arrangement  heretofore  contrived,  not  even  excepting  the 
great  battery  of  Mr  Children.  For  an  account  of  the  effects  of  this 
instrument,  and  the  theory  of  its  construction,  the  reader  is  referred  to 
Dr  Hare*s  papers,  published  inSilliman's  Journal.    B. 
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were  employed  in  them,  the  first  communicating  with  the  negative, 
the  second  with  the  positive  pole  of  the  battery,  and  connected  to- 
gether by  moistened  amianthus.  On  putting  a  solution  of  sulphate  of 
potassa  or  soda  into  N,  and  distilled  water  into  P,  the  acid  very  soon 
passed  over  to  the  latter,  while  the  liquid  in  the  former,  which  was  at 
first  neutrM,  became  distinctly  alkaline.  The  process  was  reversed  by 
placing  the  saline  solution  in  P,  and  the  distilled  water  in  N,  when 
the  alkali  went  over  to  the  negative  cup,  leaving  free  acid  inUhe 
positive.  That  the  acid  in  the  first  experiment,  and  the  base  in 
the  second,  actually  passed  along  the  amianthus,  was  obvious; 
for  on  one  occasion,  when  nitrate  of  silver  was  substituted  for  the 
sulphate  of  potassa,  the  amianthus  leading  to  N  was  coated  with  a 
film  of  tnetaf .  A  similar  transfer  may  be  effected  by  putting  distilled 
water  into  N  and  P,  and  a  saline  solution  in  a  third  cup  placed  be- 
tween the  two  others,  and  connected  with  each  by  moistened  amian- 
thus. In  a  short  time  the  acid  of  the  salt  appears  in  P,  and  the  alkali 
in  N. 

The  galvanic  action  not  only  separates  the  elements  of  compound 
bodies,  but  suspends  the  operation  of  affinity  so  entirely  as  to  enable 
an  acid  to  pass  though  an  alkaline  solution,  or  an  alkali  through  water 
'containing  a  free  acid,  without  combination  taking  place  between 
them.  The  three  cups  being  arranged  as  in  the  last  experiment.  Sir  H« 
Davy  put  a  solution  of  sulphate  of  potassa  in  N,  pure  water  in  P, 
and  a  weak  solution  of.  ammonia  in  the  intermediate  cup,  so  that  no 
sulphuric  acid  could  find  its  way  to  the  distilled  water  in  P  without 
passing  through  the  ammoniacal  liquid  on  its  passage.  A  battery 
composed  of  150  pairs  of  4'inch  plates  was  set  in  action,  and  in  five 
minutes  free  acid  appeared  at  the  positive  pole.  Muriatic  and  nitric 
acids  were  in  like  manner  made  to  pass  through  strong  alkaline  solu- 
tions; and  on  reversing  the  experiment,  alkalies  were  transmitted 
directly  through  acid  liquids  without  entering  into  combination  with 
them. 

The  analogy  between  the  preceding  phenomena  and  the  attractions 
and  repulsions  exerted  by  ordinary  electricity  is  too  close  to  escape 
observation.  If  an  acid  or  an  alkali  pass  from  one  vessel  to  another 
in  opposition  to  gravity  and  chemical  affinity,  it  is  clear  that  this 
singular  phenomenon  must  arise  from  the  substance  so  transferred  be- 
ing under  the  influence  of  a  still  stronger  attraction ;  and  the  only 
power  to  which  such  an  effect  can  in  the  present  case  be  attributed* 
is  electricity.  Now,  in  all  instances  of  common  electrical  attraction, 
the  bodies  attract  one  another  in  consequence  of  being  in  opposite 
states  of  excitement ;  and,  in  like  manner,  the  tendency  of  acids  to- 
wards the  zinc,  and  of  alkalies  towards  the  copper  extremity  of  the 
Voltaic  apparatus,  can  be  explained,  consistently  with  our  present 
knowledge,  only  on  the  supposition  that  the  former  are  negatively, 
and  the  latter  positively  electric,  at  the  moment  of  being  separated 
from  one  another.  To  account  for  the  elements  of  compounds  be- 
ing in  such  a  state,  a. peculiar  hypothesis  was  advanced  by  Sir  H. 
Davy,  which  has  received  the  appellation  of  the  eleetrO'Chemieal 
theory,  and  has  been  adopted  by  several  philosophers,  especially  by 
Berzelius.  This  theory  was  first  developed  by  its  author  in  1807  in 
bis  essay  on  Some  Chemical  Jlgendes  of  Electricity,  and  he  has 
lately  given  an  additional  explanation  of  his  views  in  the  Bakerian 
Lecture  for  1826.  Some  parts  of  the  doctrine  are  unfortunately  ex- 
pressed in  a  manner  somewhat  obscure,  and  this  circumstance  has 
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giveD  rise  to  acddental  misiepreaeiit&tioii ;  bat  a  careful  perasal  of 
Sir  H.  Davy's  essays  indtices  me  to  hope,  diat  the  foUowiog  is  a 
correct  statemeDt  of  bis  opinions. 

It  was  demonstrated  by  ^Volta  that  the  mere  contact  of  certais 
metals,  as  for  example  zinc  and  copper,  causes  the  developikient  of 
electricity  ;  for  after  separation  they  are  found,  if  insulated,  to  be  op- 
positely electrified.    It  is  inferred,'  and  I  conceive  correctly,  that  the 
electfie  equilibrium  is  disturbed  at  the  moment  of  contact,  and  that 
one  metal  becomes  ppsitiyely  and  the  other  negatively  electrie ;  but 
so  long  as  (be  contact  conttaues,  no  sign  of  electrical  excitement  is 
evinced,  because  the  presence  of  two  surfaces  oppositely  electrified 
to  the  same  degree,  counteracts  or  neutralizes  the  effect  which  either 
separately  would  produce.    The  development  of  electricity  by  con- 
tact is  by  no  means  confined  to  the  metals.    Sir  H.  Davy  observed 
that  a  dry  alkali  or  alkaline  earth  is  exeked  positively  by  contact  with 
a  metal,  and  that  dry  acids  after  having  touched  a  metal  are  negative ; 
and  he  has  further  shown  that  acids  ami  alkalies  in  their  dry  state  ex- 
cite each  other,  the  former  after  contact  being  negative  and  the  latter 
positive.    A  similar  disturbance  of  the  electrie  equiUbriom  is  con- 
ceived to  be  produced  by  the  contact  of  the  ultimate  particles  or 
atoms  of  two  bodies,  as  is  developed  in  the  same  substances  when  in 
mass.    The  two  particles  are  thus  rendered  opposlteiy  electric,  and  if 
not  prevented  by  cohesion  to  particles  of  their  own  kind  or  other 
canses,  they  remain  permanently  attached  to  each  other  by  the  force 
of  electrical  attraction,  and  thus  give  rise  to  a  new  compound.    What 
chemists  term  chemical  attraction  or  affinity  is,  therefore,  under  this 
point  of  view,  an  electrical  force  arising  from  particles  of  a  different 
kind  attracting  each  other,  in  consequence  of  being  in  opposite  states 
of  electrical  excitement.    The  particles  thus  adhering  or  combined 
retain  their  electrical  state,  as  happens  with  two  disos  of  zinc  and  cop- 
per while  in  contact,  without  exhibiting  any  signs  of  electrical  excite- 
ment either  at  the  moment  of  combination,  or  during  its  continuance. 
The  very  existence  of  the  compound,  indeed,  depends  on  its  elements 
retaining  their  state  of  excitement ;  and  were  they  both  brought  into 
the  same  electrie  condition,  or  subjected  to  the  influence  of  surfaces 
of  greater  intensity  tbofr  that  by  which  their  union  is  maintained,  de- 
comp08itie»  would  necessarily  ensue.    This  is  precisely  the  manner 
in  which  chemical  decomposition  is  thought  to  be  effected  by  the 
agency  of  galvaoiem.    On  immersing  the  extremities  of  wires  con- 
nected with  the  opposite  poles  of  a  Voltaic  battery  into  a  cup  of  wa- 
ter, the  wire  att^hed  to  the  zinc  being  positive  will  attract  the  oxy- 
gen ;  and  if  its  intensity  exceed  that  by  which  the  elements  of  water 
are  held  together,  the  oxygen  will  be  drawn  towards  it  and  the  hydro- 
gen repelled.    The  wire  connected  with  the  copper  or  negative  side 
of  the  apparatus  exerts  an  attraction  for  the  hydrogen,  and  is  repulsive 
to  the  oxygen ;  so  that  the  same  element  which  is  repelled  by  one 
wire  is  attracted  by  the  other.    Other  compounds  will  of  CQUrse  be 
liable  to  decomposition  on  the  same  principle**. 


*  If  the  explanation  here  given  of  the  chemical  agencies  of  the 
Voltaic  apparatus  were  well  founded,  then  it  would  follow  that  decom- 
position siioold  take  place,  if  the  same  portion  of  water  was  placed  in 
connection,  at  the  same  time,  with  the  positive  pole  of  one  battery  and 
the  negative  pole  of  another.  Thus  the  negative  oxygen  bein^  attract-  . 
ed  more  strongly  by  the  positive  or  zinc  pole  than  by  the  posi^ve 
H  2 
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It  will  appear  on  a  little  reflection*  that  the  accuracy  of  this  very  in- 
genious doctrine  has  not  yet  been  demonstrated.  There  is  no  proof 
that  the  ultimate  particles  of  bodies  do  become  electric  by  contact,  or 
that  they  retain  their  opposite  electricities  when  combined.  Were 
these  points  established,  it  would  not  necessarily  follow  that  chemical 
affinity  is  identical  with  electrical  attraction.  Besides,  it  has  not  been 
fully  proved,  that  the  chemical  agency  of  the  Voltaic  apparatus  de- 
pends on  electrical  attraction  and  repulsion.  The  theory  does  not 
yet  stand  on  so  firm  a  basis  as  to  induce  chemists  to  abandon 
the  nomenclature  they  have  hitherto  employeil,  and  cease  to  regard 
affinity  as  a  distinct  species  of  attraction.  But  at  the  same  time  it 
must  be  admitted  that  the  electro-chemical  theory  is  founded,  as  all 
theoretical  views  ought  to  be,  on  extensive  observation  and  numerous 
facts;  that  it  supplies  chemists  with  a  principle  capable  of  accounting 
lor  the  phenomena  ascribed  to  affinity,  and  affords  a  consistent  ex- 
planation of  the  chemical  agencies  of  the  Voltaic  apparatus.  Experi- 
ence has  shown  that  it  is  a  safe  guide  in  experimental  research,  and  it 
has  the  unquestionable  merit  of  having  led  to  one  of  the  most  brilliant 
discoveries  ever  made  in  chemistry. 

Regarding  all  compounds  as  constituted  of  oppositely  electrical 
elements,  Sir  H.  Davy  conceived  that  none  of  them  should  resist  de- 
composition, if  exposed  to  a  battery  of  sufficient  intensity  ;  and  he  ac- 
cordingly subjected  to  galvanic  action  substances  which  till  then  had 
been  regarded  as -simple,  expecting  thM  if  tthey  were  compound  they 
would  be  resolved  into  their  elements.  The  result  exceeded  expec- 
tation. The  alkalies  and  earths  were  decomposed ;  a  substance  with 
the  aspect  and  properties  of  a  metal  appeared  at  the  negative  pole, 
while  oxygen  gas  was  disengaged  at  the  positive  surface.  (Phil. 
Trans,  for  1808.) 

The  same  views  have  been  applied  successfully  on  a  very  recent 
occaHBion.  It  has  been  long  known  that  the  copper  sheathing  of 
vessels  oxidizes  very  readily  in  sea  water,  and  consequently  wastes 
with  such  rapidity  as  to  require  frequent  renewal.  Sir  H.  Davy  ob- 
served that  the  copper  derived  its  oxygen  from  atmospheric  air  dis- 
solved in  the  water,  and  that  the  oxide  of  copper  then  took  muriatic 
acid  from  the  soda  and  magnesia,  forming  with  it  a  submuriate  of  the 
oxide  of  copper.  Now  if  the  copper  did  not  oxidize,  it  could  not  com- 
bine with  muriatic  acid ;  and  according  to  Sir  H.  Davy,  it  only  com- 
bines with  oxygen,  because  by  contact  with  that  body  it  is  rendered 
positively  electrical.  If,  therefore,  the  copper  could  by  any  means  be 
made  negative,  then  the^  copper  and  oxygen  would  have  no  tendency 
to  unite.  The  object  then  was  to  render  copper  permanently  negative* 
Now  this  is  done  by  bringing  copper  in  contact  with  zinc  or  iron  ;  for 
the  former  then  becomes  negative,  and  the  latter  positive. 

Acting  on  this  idea,  it  was  found  that  the  oxidation  of  the  copper 
may  be  completely  prevented.    A  piece  of  zinc  as  large  as  a  pea,  or 


hydrogen  with  which  it  is  combined,  would  have  its  union  with  the 
hlter  severed,  a  result  which  would  be  favoured  by  the  repulsion  exer- 
cised by  the  positive  pole  on  the  hydrogen.^  Again,  the  positive 
hydrogen  would  be  attracted  by  the  negative  pole  and  the  oxygen  be 
repelled.  But  I  doubt  very  much  whether  any  decomposition  would 
take  place  under  such  circumstances,  and  hence  I  believe  that  a  cur- 
rent of  the  galvanic  fluid  through  compounds  is  essential  to  its  de« 
composing  powers.    B. 
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the  head  of  a  small  round  iiail»  was  found  fully  adequate  to  preserre 
forty  or  fifty  square  inches  of  copper  ;  and  this  wherever  it  was  placed, 
whether  at  the  top,  bottom,  or  middle  of  the  sheet  of  copper,  or  under 
whatever  form  it  was  used.  And  when  the  connection  between  dififor- 
ent  pieces  of  copper  was  completed  by  wires,  or  thin  filaments  of  the 
40th  or  50th  of  an  inch  in  diameter,  the  effect  was  the  same ;  every 
side,  every  surface,  every  particle  of  the  copper  remained  bright, 
whilst  the  iron  or  the  zinc  was  slowly  corroded.  Sheets  of  copper 
defended  by  l-40th  to  1-lOOOtb  part  of  their  surface  of  zinc,  malleable 
and  cast  iron,  were  exposed  during  many  weeks  to  the  flow  of  the  tide 
in  Portsmouth  harbour,  and  their  weight  ascertained  before  and  after 
the  experiment.  When  the.  metallic  protector  was  from  l-40th  to 
l-150th  there  was  no  corrosion  nor  decay  of  the  copper;  with  smaller 
quantities,  such  as  l-200th  to  l-460th,  the  copper  underwent  a  loss  of 
weight  which  was  greater  in  proportion  as  the  protector  was  smaller; 
and  as  a  proof  of  the  universality  of  the  principle,  it  was  found  that 
even  1-lOOOth  part  of  cast  iron  saved  a  certain  proportion  of  the  cop- 
per.   (Phil.  Trans,  for  1824.) 

Unhappily  for  the  application  of  this  principle  in  practice,  it  is  found 
that  unless  a  certain  degree  of  corrosion  takes  place  in  the  copper,  its 
surface  becomes  foul  from  the  adhesion  of  sea-weeds  and  shell-fish. 
The  oxide  and  submuriate  of  copper  formed  when  the  sheathing  is 
unprotected,  is  probably  injurious  to  these  plants  and  animals,  and 
thus  preserves  the  copper  free  from  foreign  bodies.  It  appears  also 
that,  in  vessels  whose  sheathing  is  protected  from  corrosion,  the  ne- 
gatively electric  copper  attracts  the  positive  electric  bodies,  such  as 
magnesia  and  lime,  dissolved  in  sea- water ;  and  that  these  earths  then 
form  a  nidus  for  the  adhesion  of  other  matters.  It  is  hoped  that  by 
duly  adjusting  the  proportion  of  iron  and  copper,  a  certain  degree  of 
corrosion  may  be  allowed  to  occur,  sufficient  to  prevent  the  adhesion 
of  foreign  bodies,  and  yet  materially  retarding  the  waste  of  the  copper; 
but  the  attempts  to  accomplish  so  desirable  an  object  have  not  yet 
been  altogether  successful. 

These  principles  may  be  usefully  applied  on  other  occasions.    One 
obvious  application  of  the  kind,  suggested  by  Mr  Pepys,  is  to  preserve 
iron  or  steel  instruments  from  rust  by  contact  with  a  piece  of  zinc. 
The  iron  or  steelis  thereby  rendered  negative,  while  the  zine,  being  ' 
positive,  oxidizes  with  increased  rapidity. 

The  electro-chemical  theory  furnishes  a  scientific  principle,  per- 
haps 1  may  be  allowed  to  add  the  most  philosophical  which  we  pos- 
sess, for  the  arrangement  of  chemical  substances.  Dr  Henry  has 
adopted  this  principle  of  classification 'in  his  Elements  of  Experimen- 
tal Chemistry ;  and  my  chief  reason  for  not  following  his  example  is 
the  opinion,  that  the  order  of  describing  the  elementary  substances 
adopted  in  this  treatise  is  more  convenient  for  the  student  than  an 
arrangement  founded  on  the  electro-chemical  theory.  According 
to  the  method  suggested  by  this  doctrine,  bodies  are  divided  into 
groups  accordingly  as  their  natural  electric  energies  are  the  same  or 
different.  By  the  term  natural  electric  energy  is  not  meant  that  a 
substance  considered  singly,  naturally  possesses  one  kind  of  excite- 
ment rather  than  another ;  but  that  by  its  nature  it  is  disposed  from 
contact  with  other  bodies,  to  assume  one  particular  electrical  state 
rather  than  the  other.  Thus  oxygen  is  called  a  negative  electric,  be- 
cause it  is  negatively  excited  by  other  bodies ;  whereas  the  natural 
electric  energy  of  potassium  is  positive,  because  it  acquires  an  excess 
of  electricity  by  the  action  of  other  substances.    The  electric  enec« 
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gies  are  aicertained  by  exposifig  compoonds  (o  the  action  of  a  gaW 
vanic  battery,  and  observing  the  pole,  at  which  the  elementB  appear. 
Thoge  that  collect  around  the  positive  pole  are  said  to  have  a  nega- 
tive electric  energy  ;  and  those  are  considered  positive  electrics  which 
are  attracted  towards  the  negative  pole.  Of  the  elementary  princi- 
ples, oxygen,  chlorine,  iodine,  aod  fluorine,  to  which  the  newiy  dis- 
covered principlebromioe  should  be  added,  are  regarded  by  Dr  Henry 
as  negative  electrics  ;  and  all  the  others  compose  the  more  numerous 
list  of  positive  electrics. 

Considerable  difficulty  arises  in  the  arrangement  of  some  substan- 
ces, in  consequence  of  their  possessiog  one  kind  of  electric  energy  in 
relation  to  some  bodies,  and  an  opposite  energy  with  others.  Oxygen 
is  negative  in  every  combination,  and  potasstnm  appears  to  be  as  uni- 
formly positive ;  but  sulphur,  though  positive  with  respect  to  oxygen, 
is  negative  in  relation  to  the  metals.  Hydrogen  is  highly  positive 
when  compared  with  oxygen,  chlorine,  and  other  analogous  princi- 
ples ;  but  with  the  metals  its  electric  energy  is  negative. 

The  following  lists,  showing  the  electric  energy  of  the  different  ele- 
mentary substances  in  relation  to  each  other,  is  taken  from  Berzelius's 
System  of  Chemistry.  They  are  given  by  the  'author  as  an  approxi^ 
mation  to  their  true  order,  rather  than  as  rigidly  exact.  All  the  bodies 
enumerated  in  the  first  row  are  negative  to  those  of  the  second.  In 
the  first  coli^mn  each  substance  is  negative  to  those  below  it ;  and  in 
the  second,  each  element  is  positive  compared  with  the  sqbsequent 
ones. 
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J>regatiioe  Electric: 

Pomve  JEleciricg. 

Julphur. 

Potassium. 

Sodium. 

Nitrogen. 

Lithium. 

Chlorine. 

Barium. 

Iodine. 

Strontium. 

Fluorine. 

Calcium. 

I*hosphorus. 

Magnesium. 

Selenium. 

Glucinium. 

Arsenic. 

Yttrium. 

Chromium. 

Ahi  minium. 

Molybdenum. 

Zirconium. 

Tungsten. 

Manganese. 

Boron. 

Zinc. 

Carbon. 

Cadmium. 

Antimony. 

Iron. 

Tellurium. 

Nickel. 

Columbium. 

Cobalt. 

Titanium. 

Cerium. 

Silicium. 

Lead 

Osmium. 

Tin. 

Hydrogen. 

Bismuth. 

Uranium. 

Copper. 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Rhodium. 

Iridium. 

Gold. 
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For  exhibiting  the  chemical  agency  of  galvanism,  a  combination  of 
quantity  and  intensity  is  required.  The  larger  of  the  two  immense 
batteries  constructed  by  Mr  Children  had  scarcely  any  power  in  effect- 
ing chemical  decomposition  ;  and  a  series  of  numerous  small  plates 
charged  with  water,  and  capable  of  acting  powerfully  on  the  electrom- 
eter, decomposes  water  very  feebly.  The  most  appropriate  appa- 
ratus for  chemical  purposes,  is  one  made  with  a  considerable  number  of 
plates  of  four  or  six  inches  square.  An  acid  solution  should  be  em- 
ployed for  exciting  the  battery,  and  its  strength  such  as  to  cause  a 
moderate,  long  continued  action,  rather  than  a  violent  one  of  short 
duration.  Any  of  the  stronger  acids,  such  as  the  nitric,  sulphuric,  or 
muriatic,  may  be  used  with  this  intention ;  but  the  last,  according  to 
Mr  Singer,  produces  the  most  permanent  effect,  and  is  therefore  pre- 
ferable. The  proportion  should  be  one  part  of  acid  to  about  14  or  20 
parts  of  water ;  or  if  the  series  is  extensive,  the  acid  may  be  stiN  farther 
diluted  with  advantage.  The  chemical  agency  of  a  battery  increases 
with  the  number  of  plates ;  but  the  exact  rate  of  increase  has  not  been 
satisfactorily  determined. 

In  order  that  chemical  decomposition  should  take  place  by  means 
of  galvanism,  the  compound  subjected  to  its  action  must  be  made  to 
connect  the  opposite  po^BS  of  the  battery.  No  effect  is  produced  if  a 
non-conductor  is  used,  and  hence  potassa  is  Dot  decomposed  by  gal- 
vanism, unless  slightly  moistened ;  nor  must  tlie  electric  fluid  pass 
through  it  with  the  same  facility  as  along  a  metal,  for  the  apparatus 
is  then  equally  inert.  The  substance  by  which  the  opposite  poles 
are  connected  must  be  what  is  called  an  imperfect  conductor,  such 
as  water,  and  saline  and  acid  solutions.  All  such  liquids  may  be  con- 
sidered perfect  conductors  in  respect  to  common  electricity ;  but  to 
electrified  surfaces  of  very  low  intensity,  as  in  galvanic  batteries  even 
in  their  state  of  highest  tension,  they  are  imperfect  conductors.  JSveo 
water,  when  quite  pure,  transmits  the  electricity  of  a  galvanic  appa- 
ratus so  imperfectly,  that  a  very  powerful  battery  occasions  a  slow  dis- 
engagement of  gas,  when  its  opposite  poles  communicate  through  dis- 
tilled water.  Its  conducting  power  is  greatly  improved  by  adding  a 
little  saline  matter,  such  as  the  sulphate  of  soda  or  potassa ;  and  the 
same  battery  which  decomposed  water  feebly  before  the  addition  of 
the  salt,  will  then  cause  a  free  disengagement  of  gas. 

III.  The  power  of  lightning  in  destroying  and  reversing  the  poles 
of  a  magnetj  and  of  communicating  magnetic  properties  to  pieces  of 
iron  which  did  not  previously  possess  them,  was  noticed  at  an  early* 
period  of  the  science  of  electricity,  and  led  to  the  supposition  that 
similar  effects  may  be  produced  by  the  common  electrical  or  galvanic 
apparatus.  Attempts  were  accordingly  made  to  (communicate  the 
magnetic  virtue  by  means  of  electricity  or  galvanism ;  but  no  results  of 
importance  were  obtained  till  the  winter  of  1819,  when  Professor 
Oersted  of  Copenhagen  made  his  famous  discovery,  which  forms  the 
basis  of  a  new  branch  of  science  called  electro-magnetism,  (Annals 
of  Philosophy,  xvi.  273.) 

The  fact  observed  by  Professor  Oersted  was,  that  an  electric  cur- 
rent, such  as  is  supposed  to  pass  from  the  positive  to  the  negative 
pole  of  a  Voltaic  battery  along  a  wire  which  connects  them,  causes  a 
magnetic  needle  placed  near  it  W  deviate  from  its  natural  position, 
and  assume  a  new  one,  the  direction  of  which  depends  upon  the  re- 
lative position  of  the  needle  and  the  wire.  On  placing  the  wire  above 
the  magnet  and  parallel  to  it,  the  pole  next  the  negative  end  x)f  the 
battery  always  moves  westward,  and  when  the  wire  is  placed  under 
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the  needle,  the  same  pole  goes  towards  the  east.  If  the  wire  is  on  the 
same  horisontal  plane  with  the  needle,  no  declination  whatever  takes 
place;  but  the  magnet  shows  a  disposition  to  move  in  a  vertical  direc- 
tion, the  pole  next  the  negative  side  of  the  battery'  being  depressed 
when  the  wire  is  to  the  west  of  it,  and  elevated  when  it  is  placed  on 
the  east  side. 

The  extent  of  the  declination  occasioned  by  a  battery  depends 
upon  its  power,  and  the  distance  of  the  connecting  wire  from  the 
needle,  if  the  apparatus  is  powerful,  and  the  distance  small,  the  de- 
clination will  amount  to  an  angle  of  4&°.  But  this'deviation  does  not 
give  an  exact  idea  of  the  real  effect  which  may  be  produced  by  gal- 
vanism ;  for  the  motion  of  the  magnetic  needle  is  counteracted  by  the 
magnetism  of  the  earth.  When  the  influence  of  this  power  is  destroy- 
ed by  means  of  another  magnet,  the  needle  will  place  itself  directly 
across  the  connecting  wire ;  so  that  the  real  tendency  of  a  magnet  is 
to  stand  at  right  angles  to  an  electric  current. 

The  communicating  wire  is  also  capable  of  attracting  and  repelling 
the  poles  of  a  magnet.  If,  when  the  magnet  and  connecting  wire  are 
at  right  angles  to  each  other,  the  latter  passing  across  the  centre  of 
the  former,  the  wire  be  moved  along  the  needle  towards  either  extre- 
mity, attraction  will  take  place  between  the  wire  and  the  adjacent 
pole :  and  this  will  occur  though  the  same  point  of  the  wire  should  be 
presented  in  succession  to  both  of  the  poles,  .^gain,  if  the  position  or 
the  poles  of  the  needle  be  reversed,  they  will  be  repelled  by  the  same 
point  of  the  wire  which  had  previously  attracted  them*. 

This  discovery  was  no  sooner  announced,  than  the  experiments 
were  repeated  and  varied  by  philosophers  in  all  parts  of  Europe,  and, 
as  was  to  be  expected,  new  facts  were  s})eedtly  brought  to  light. 
Among  the  roost  successful  labourers  in  this  field,  MM.  Ampere,  Ara- 
,go,  and  Biot  of  Paris,  and  Sir  H.  Davy  and  Mr  Faraday  in  this  country, 
deserve  to  be  particularly  mentioned. 

M.  Ampere  observed  that  the  Voltaic  apparatus  itself  acts  on  a 
magnetic  needle  placed  upon  or  near  it  in  the  same  manner  as  the  wire 
which  unites  its  two  extremities.  But  the  declination  was  found  to 
occur  only  when  the  opposite  ends  of  the  battery  are  in  communica- 
tion, an4  to  cease  entirely  as  soon  as  the  circuit  is  interrupted, — a  dif- 
ference which  was  supposed  to  arise  from  the  passage  of  an  uninter- 
rupted electric  current  through  the  apparatus,  as  along  the  connecting 
wire,  taking  place  in  the  first  case,  and  not  in  the  second.  M.  Am- 
pere therefore  proposed  the  magnetic  needle  as  an  instrument  for  dis- 
covering the  existence  and  direction  of  an  electric  current,  (or  curreati 
according  to  the  theory  of  the  two  electricities),  as  well  as  for  point- 
ing out  the  proper  state  and  fitness  of  a  galvanic  apparatus  for  elec- 
tro-magnetic experiments  in  general.  When  the  needle  is  employed 
with  this  intention  it  is  called  a  galvanometer, 

M.  Ampere  soon  after  discovered  that  a  power  of  attraction  and  re- 
pulsion may  b^  communicated  by  an  electric  current  alone,  without 
the  use  of  a  magnet.  Two  wires  of  copper,  brass,  or  any  other  metal, 
placed  parallel  to  one  another,  and  suspended  so  as  to  move  freely, 
were  connected  with  the  opposite  poles'of  a  galvanic  apparatus.  If 
the  electric  current  passed  along,  both  wires  in  the  same  direction, 
they  attracted  one  another;  if  in  an  opposite  direction,  they  repelled 


*  The  clearest  statement  of  this  fact  which  I  have  seen  is  in  the  his- 
torical sketch  of  Electro-magnetism  by  Mr  Faraday.  ( AooaU  of  Phi- 
losophy.   New  Series,  vol.  ii.) 


each  other.  The  remit  of  this  experiment  gave  rise  to  the  supposi- 
tioD  that  the  masnetic  property  is  actually  commuDiGated  to  the  wires 
by  the  electric  current ;  and  this  supposition  was  confirmed  by  M. 
Arago,  who  found  that  iron  filiogs  are  attracted  by  a  wire  placed  in 
the  Voltaic  circuit,  and  that  they  all  fall  off  when  the  comuiunicatioD 
between  the  poles  is  interrupted.  This  fact  was  also  discovered  about 
the  same  time  by  Sir  H.  Davy,  who  has  minutely  described  his  ex- 
periments in  a  paper  in  the  Philosophical  Transactions  for  1821. 

The  communication  of  temporary  magnetic  properties  to  the  com- 
mon metals  naturally  led  to  an  attempt  to  magnetize  steel  and  iron 
permanently  by  the  sdme  agent.  The  experiment  was  made  by  M. 
Arago  and  Sir  H.  Davy  about  the  same  time,  and  both  were  success* 
ful.  Sir  H.  Davy  attached  steel  needles  to  the  connecting  wire, 
some  parallel  to  it,  and  others  transversely.  The  former  merely  acted 
as  a  part  of  the  circuit ;  they  did  not  possess  poles,  and  lost  their 
power  of  attracting  iron  filings  as  soon  as  the  electric  current  ceased 
to  circulate  through  them.  But  the  latter  acquired  a  north  and  south 
pole,  and  preserved  the  property  after  separation  from  the  wire.  M. 
Arago  at  first  operated  in  a  similar  manner ;  but,  at  the  suggestion  of  M. 
Ampere,  he  made  the  connecting  wire  into  the  form  of  a  spiral  or  helix, 
and  placed  the  needle  to  be  magnetized  in  its  centre.  By  this  ar- 
rangement the  maximum  effect  was  obtained  in  a  shorter  time  than 
by  any  other  method.  Sir  H.  Davy  also  rendered  a  needle  magnetic 
by  placing  it  across  a  wire»  along  which  a  charge  from  a  common 
Leyden  battery  was  transmitted.  This  series  of  experiments  was 
completed  by  M.  Ampere's  discovery,  that  a  connecting  wire,  sus- 
pended so  as  to  luive  perfect  freedom  of  motion,  is  influenced  by  the 
magnetic  attraction  of  the  earth. 

For  the  next  fact  of  importance,  science  is  indebted  to  the  research- 
es of  Mr  Faratday.  He  ascertained  that  the  action  of  the  connect- 
ing wire  on  the  direction  of  a  magnet,  is  not  owing  to  any  attraction 
or  repulsion  exerted  between  them,  but  to  a  tendency  they  have  to 
revolve  round  each  other.  He  contrived  an  apparatus,  (Quarterly 
Journal,  vol.  xii.))  by  means  of  which  either  pole  ^f  a  magnet  was  made 
to  revolve  round  the  wire  as  a  fixed  point ;  and  then,  by  fixing  the 
wire,  and  giving  free  motion  to  the  magnet,  both  poles  of  the  latter 
were  made  to  revolve  in  succession  round  the  former. 

He  was  also  successful  in  causing  the  wire  to  revolve  by  the  inflo* 
ence  of  the  magnetism  of  the  earth. 

These  magnetic  properties  of  the  Voltaic  apparatus,  which  form  the 
basis  of  electro- magnetism,  were  discovered  soon  after  the  original  ex- 
periments of  Oersted  were  made  known  to  the  public.  Other  facts  of 
interest  have  siqce  been  observed,  and  some  Ingenious  geu'eral  views 
have  been  proposed  to  account  for  all  the  phenomena :  but  as  a  full 
discussion  of  electro-magnetism  would  lead  into  details  too  minute  for 
an  elementary  treatise,  I  must  refer  the  reader,  who  may  wish  for 
more  ample  information,  to  works  written  professedly  on  the  subject. 
.  In  addition  to  the  papers  already  alluded  to,  the  **  Recueil  d'Observa- 
tions  Electro-dynamiques"  by  M.  Ampere,  and  the  second  edition  of 
Mr  Barlow's  Essay  on  Magnetic  Attractions,  will  be  consulted  with 
much  advantage. 

On  the  Theory  of  the  Pile, 

There  are  three  principal  theories  concerning  the  Action  of  the 
Voltaic  pile  or  battery.    The  first  originated  with  Volta,  who  conceiv- 
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ed  that  the  electricity  is  set  in  motion,  and  the  supply  kept  up,  solely 
by  the  contact  of  the  metals.  He  regarded  the  interposed  solutions 
merely  as  conductors,  by  means  of  which  the  electricity,  developed  by 
each  pair  of  plates,  is  conveyed  from  one  part  of  the  apparatus  to  the 
other. 

Volta  attached  little  importance  to  the  chemical  action  going  on 
between  the  plates  of  the  pile,  and  the  fluid  by  which  it  is  excited  : 
he  considered  these  changes  as  contributing  nothing  to  the  general  re- 
sult, and  accordingly  left  them  wholly  out  of  view  in  the  formation  of 
his  theory.  But  the  repetition  and  extension  of  his  experiments  by 
the  English  chemists  soon  demonstrated  that  Volta  had  committed  a 
material  error  in  overlooking  the  chemical  phenomena  which  occur 
between  the  plates  of  the  pile  and  the  liquid  contained  in  its  cells. 
For  it  was  observed  that  no  sensible  effects  are  produced  by  a  combi. 
nation  formed  of  substances  that  have  no  chemical  action  on  each 
other ;  that  the  action  of  the  pile  is  always  accompanied  by  the  oxida« 
tion  of  the  zinc ;  and  that  the  energy  of  the  pile  in  producing  chemical 
decomposition,  a  subject  which  at  that  time  excited  intense  interest, 
is  in  some  proportion  to  the  activity  of  the  chemical  action  within  the 
apparatus  itself.  Observations  of  this  nature  induced  Dr  Woilaston  to 
conclude,  that  the  process  begins  with  the  oxidation  of  the  zinc — that 
the  oxidation  is  the  primary  cause  of  the  development  of  electricity ; 
and  he  published  several  ingenious  experiments  in  the  Philosophical 
Transactions  for  ISOl  in  support  of  his  opinion. — This  constitutes  Jhe 
second  or  chemical  theory  of  the  pile,  and  b  in  direct  opposition  to 
that  proposed  by  Volta. 

Plausible  as  appeared  the  chemical  theory  of  the  pile  at  the  time  it 
was  first  announced,  more  extensive  observation  has  proved  it  to  be 
inconsistent  with  some  of  the  phenomena  of  galvanism.  It  must  now 
be  admitted,  I  apprehend,  as  established,  that  the  mere  contact  of  sub- 
stances, without  any  chemical  change  whatever,  is  adequate  to  the  ex- 
citement of  electricity ;  and  that  the  energy  of  the  pile,  in  respect  to 
its  electrical  properties,  is  not  in  proportion  to  the  chemical  action  pro- 
duced by  the  liquid  with  which  it  is  charged.  It  appears,  also,  that  in 
the-  mere  act  of  chemical  union,  no  electrical  excitement  is  manifested. 
M.  Becquerel  indeed  has  stated  the  contrary,  but  the  fact  is  denied  by 
Sir  H.  Davy.  It  is  found,  likewise,  by  the  late  researches  of  the 
same  chemist,  that  galvanism,  to  an  extent  capable  of  decomposing 
water,  may  be  excited  by  a  galvanic  combination,  in  which  no  chemi* 
cal  action  whatever  occurs. 

The. third  theory  of  the  pile  is  intermediate  between  the  two  others, 
an^  was  proposed  by  Sir  H.  Davy.  He  inferred  from  numerous  ex- 
periments, that  there  is  no  reason  to  question  the  fact  originally  stat- 
ed by  Volta,  that  the  electric  equilibrium  is  disturbed  by  the  contact 
of  different  substances  without  any  chemical  action  taking  place  be- 
tween them.  He  acknowledged,  however,  with  Dr  Woilaston,  that 
the  chemical  changes  contribute  to  the  general  result ;  and  maintain- 
ed that,  though  not  the  primary  cause  of  the  phenomenon,  they  are  so 
far  essential,  that  without  such  changes  the  galvanic  excitement  can 
neither  be  considerable  in  degree,  nor  of  long  duration.  In  his  opin- 
ion the  action  is  commenced  by  the  contact  of  the  metals,  and  kept 
up  by  the  chemical  phenomena. 

The  mode  in  which  Sir  H.  Davy  conceives  the  chemical  changes 
act,  is  by  restoring  the  electric  equilibrium  whenever  it  is  disturbed. 
By  the  contact  of  the  zinc  and  copper  plates,  the  former  is  rendered 
positive  throughout  the  whole  series,  and  the  latter  negative ;  and  by 
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means  of  the  conducting  fluid  witli  which  the  eellf  are  filled,  the  elec- 
tricity accumulates  on  one  side  of  the  battery,  and  the  other  be- 
comes as  strongly  negative.  But  the  quantity  of  electricity,  thus 
excited,  would  not  be  sufficient,  as  is  maintained,  for  causing  ener- 
getic action.  For  this  effect,  the  electric  equilibrium  of  each  pair  of 
plates  must  be  restored  as  soon  as  it  is  disturbed,  in  order  that  they 
may  be  able  to  furnish  an  additional  supply  of  electricity.  The  chemi- 
cal substances  of  the  solution  afe  supposed  to  effect  that  object  in  the 
following  manner.  The  negative  ingredients  of  the  liquid,  such  as 
oxygen  and  the  acids,  pass  over  to  the  zinc ;  while  the  hydrogen  and 
the  alkalies,  which  are  positive,  go  to  the  copper ;  in  consequence  of 
which,  both  the  metals  are  for  me  moment  restored  to  their  natural 
condition.  But  as  the  contact  between  them  continues,  the  equili- 
brium is  no  sooner  cestored  than  it  is  again  disturbed  ;  and  when,  by 
a  Continuance  of  the  chemical  changes,  the  zinc  and  copper  recover 
their  natural  state,  electricity  is  agam  developed  by  a  continuance  of 
the  same  condition  by  which  it  was  excited  in  the  first  instance.  In 
this  way  Sir  H..Davy  explains  whv  chemical  action,  though  not  es- 
sential to  the  first  development  of  electricity,  is  necessaiy  for  enabling 
the  Voltaic  appparatus  to  act  with  energy. 
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PART  II. 


PRELIMINARY  REMARKS. 

IN  te&chinf;  a  science,  the  details  of  which  are  numeroas  and  com" 
plicated,  it  would  be  injudicious  to  follow  the  order  of  discovery  and 
proceed  from  the  individual  facts  to  the  conclusions  which  have  been 
deduced  from  them.  An  opposite  course  is  indispensable.  It  is 
necessary  to  discuss  the  general  principles  in  the  first  instance,  in 
order  to  aid  the  beginner  in  remembering  the  insulated  facts,  and  com- 
prehending the  explanations  connected  with  them. 

This  necessity  is  in  no  case  more  sensibly  felt  than  in  the  study  of 
chemistry,  and  for  this  reason  I  shall  commence  the  Second  part  of  th& 
work  by  explaining  the  leading  doctrines  of  the  science.  One  incon- 
venience, indeed,  does  certainly  arise  from  this  method.  It  is  often 
necessary,  by  way  of  illustration,  to  refer  to  facts  of  which  the  be- 
ginner is  ignorant ;  and  therefore  on  some  occasions  more  knowledge 
will  be  required  for  understanding  a  subject  fully,  than  the  reader 
may  have'  at  his  command.  But  these  Instances  will.  It  is  hoped,  be 
rarely  met  with ;  and  when  they  do  occur,  the  reader  is  advised  to 
quit  the  point  of  difficulty,  and  return  to  the  study  of  it,  when  he  shall 
have  acquired  more  extensive  knowledge  of  the  details. 

To  the  chemical  history  of  each  substance  its  chief  physical  char- 
acters will  be  added.  .  A  knowledge  of  these  properties  is  not  only 
advantageous  in  assisting  the  chemist  to  distinguish  one  body  from 
another,  but  in  many  instances  is  put  to  uses  still  more  important. 
The  specific  gravity  in  particular  is  of  great  consequence ;  and  as  this 
expression  will  hereafter  be  used  in  almost  every  page,  it  will  be  pro- 
per, before  proceeding  further,  to  explain  its  meaning.  Equal  bulks 
of  different  substances,  as  a  cubic  mch  of  gold,  silver,  tin,  and  water, 
differ  more  or  less  in  weight:  their  densities  are  different;  or  in  other 
words,  they  contain  different  quantities  of  ponderable  matter  in  the 
•ame  space.  The  tin  will  weigh  eight  tiroes  more  than  the  water,  the 
silver  about  ten  times  and  a  half,  and  the  gold  upwards  of  nineteen 
times  more  than  that  fluid.  The  density  of  all  solids  and  liquids  may 
be  determined  in  the  same  manner ;  and  if  they  are  compared  \vith  an 
equal  bulk  of  water  as  a  standard  of  comparison,  a  series  of  numbers 
will  be  obtained,  which  will  show  the  comparative  density  or  specific 
gravity,  as  it  is  called,  of  all  of  them. 

The  process  for  determining  specific  gravities  is,  therefore,  suffi- 
ciently simple.  It  consists  in  weighing  a  body  carefully,  and  then 
determining  the  weieht  of  an  equal  bulk  of  water,  the  latter  being  re- 
garded as  unity.  Ii,  for  example,  a  portion  of  water  weighs  nine 
grains,  and  the  same  bulk  of  another  body  20  grains,  its  specific  gra- 
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Vity  is  determiDed  by  the  formula,  as  9 :  20  :  :  1  (the  specific  gravity 
of  water)  to  the  fourth  proportional  2.2222 :  so  that  the  specific 
gravity  of  any  substance  is  found  by  dividing  its  weight  by  the  weight 
of  an  equal  volume  of  water.  It  is  easy  to  discover  the  weight  of 
equal  bulits  of  water  and  any  other  liquid  by  filling  a  small  bottle  of 
known  weight  with  each  successively,  and  weighing  them*.  The 
method  of  obtaining  the  necessary  data  in  case  of  a  solid  is  somewhat 
different.  The  body  is  first  weighed  in  air,  is  next  suspended  in  water 
by  means  of  a  hair  attached  to  the  scale  of  the  balance,  and  is  theo 
weighed  again.  The  difference  between  the  two  weights  gives  the 
weight  of  a  quantity  of  water  equal  to  the  bulk  of  the  solid.  This 
rule  is  founded  on  the  hydrostatic  law,  that  a  solid  body,  fully  im- 
mersed in  any  liquid,  weighs  precisely  so  much  less  than  it  does  in 
air  as  is  equal  to  the  weight  of  the  liquid  which  it  displaces  ;  and  it  is 
obvious  that  the  liquid  so  displaced  is  exactly  of  the  same  dimensions 
as  the  solid.  Another  method  is  by  the  use  of  the  bottle  recommend- 
ed for  taking  the  specific  gravity  of  liquids.  After,  weighing  the  bot- 
tle filled  with  water,  a  known  weight  of  the  solid  is  put  into  it,  which 
of  course  displaces  a  quantity  of  water  precisely  equal  to  its  own  Vol- 
ume. The  exact  weight  of  the  displaced  water  is  found  by  weigh- 
ing the  bottle  again,  after  having  wiped  its  outer  surface  with  a  dry 
cloth. 

The  determination  of  the  specific  gravity  of  gaseous  substances  is 
an  operation  of  much  greater  delicacy.  From  the  extreme  lightness 
6{  gases,  it  would  be  inconvenient  to  compare  them  with  an  equal 
bulk  of  water,  and  therefore  atmospheric  air  is  taken  as  the  standard 
of  comparison.  The  first  step  of  the  process  Is  to  ascertain  the 
weight  of  a  given  volume  of  air.  This  is  done  by  weighing  a  veiy 
light  glass  flask,  furnished  with  a  good  stopcock,  while  full  of  air ; 
and  then  weighing  it  a  second  time,  after  the  air  has  been  withdrawn 
by  means  of  the  air-pump.  The  difference  between  the  two  weights 
gives  the  information  required.  According  to  the  experiments  of  Sir 
George  Shuckburgh,  100  cubic  inches  of  pure  and  dry  atmospheric 
air,  at  the  temperature  of  60°  F.  and  when  the  barometer  stands  at 

80  inches,  weigh  precisely  80.5  grainsf.  By  a  similar  method  the 
weight  of  any  other  gas  may  be  determined,  and  its  specific  gravity 
be  inferred  accordingly.  Thus,  suppose  100  cubic  inches  of  oxygen 
are  found  to  weigh  83.888  grains,  its  specific  gravity  will  be  thus  de- 
duced; as  80.5:  33.888:  :  1  (the  sp.  gr.  of  air) :  1.1111,  the  speci- 
fic gravity  of  oxygen. 

There  are  four  circumstances  to  which  particular  attention  must  be 
paid  in  taking  the  specific  gravity  of  gases : — 

1.  The  gas  should  be  perfectly  pure,  otherwise  the  result  cannot 
be  accurate. 

2.  Due  regard  must  be  had  to  its  hygrometric  condition.     If  it  is 

*  Bottles  are  prepared  for  this  purpose  by  the  Philosophical  Instru- 
ment-makers. 

t  Dr  Prout  is  at  present  occupied  with  the  investigation  of  this  im- 
portant subject ;  and  though  he  has  not  yet  brought  his  researches  to 
a  conclusion,  he  permits  me  to  state  that  100  cubic  inches  of  pure  at- 
mospheric air,  at  60*"  F.  and  30  inches  of  the  barometer,  weigh  at  least 

81  grains.  The  estimate  of  30.5  grains,  deduced  from  the  observa- 
tions-of  Shuckburgh,  is,  therefore,  iu9iccunte,^jiddendum  by  Dr 
Turner. 
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saturated  with  moisture,  the  necessary  correctioD  may  be  made  for 
that  circumstance  bv'  the  formula  page  oS ;  or  it  may  be  dried  by  the 
usje  of  substances  which  have  a  powerful  attraction  for  moisture,  siich 
as  the  chloride  of  calcium,  quicklime,  or  liised  potassa. 

S.  As  the  bulk  of  gaseous  substances,  owing  to  their  elasticity  and 
compressibility,  is  dependent  on  the  pressure  to  which  they  are  ex- 
posed, no  two  observations  admit  of  comparison,  unless  i|^ade  under 
the  same  elevation  of  the  barometer.  It  is  always  understood,  in 
taking  the  specific  eravity  of  a  gas,  that  the  barometer  must  stand  at 
thirty  inches,  by  which  means  the  operator  is  certain  that  each  gas  is 
subject  to  equal  degrees  of  compression.  An  elevation  of  thirty  inch- 
es is,  therefore,  called  the  standard  height;  and  if  the  mercurial 
column  be  not  of  that  length  at  the  time  of  performing  the  experi- 
ment, the  error  arismg  from  this  cause  must  be  corrected  by  calcula- 
tion. It  has  been  established  by  careful  experiment  that  the  bulk  of 
gases  is  inversely  as  the  pressure.  Thus,  100  measures  of  air  under 
the  pressure  of  a  thirty  inch  column  of  mercury,  will  dilate  to  200 
measures,  if  the  pressure  be  diminished  by  one  half;  and  will  be  com- 
pressed to  50  measures,  when  the  pressure  is  double  or  equal  to  a 
mercurial  column  of  sixty  inches.  The  correction  for  the  effect  of 
pressure  may  therefore  be  made  by  the  rule  of  three,  as  will  appear  by 
an  example.  If  a  certain  portion  of  gas  occupy  the  space  of  100 
measures  at  twenty-nine  inches  of  the  barometer,  its  bulk  at  thirty 
inches  may  be  obtained  by  the  following  proportion ;  as 

80:  29::  100: 96.66. 

4.  For  a  similar  reason  the  temperature  should  always  be  the  same. 
The  standard  or  mean  te^nperature  is  60°  F.  and  if  the  gas  be  admit- 
ted into  the  weighing  flask  when  the  thermometer  is  above  or  below 
that  point,  the  formula  of  page  35  should  be  emplbyed  for  making  the 
necessary  correction. 

Chemistry  is  indebted  for  its  nomenclature  to  the  labours  of  four 
celebrated  chemists,  Lavoisier,  BerthoUet,  Guyton-Morveau,  and  Four- 
croy.  The  principles  which  guided  them  in  its  construction  are  exceed- 
ingly simple  and  ingenious.  The  known  elementary  substances  and 
the  more  familiar  compound  ones  were  allowed  to  retain  the  appella-"' 
tions  which  general  usage  had  assigned  to  them.  The  newly  discov- 
ered elements  were  named  from  some  striking  property.  Thus,  as  it 
was  supposed  that  acidity  was  always  owing  to  the  presence  of  the 
vital  air  discovered  by  Priestley  and  Scheele,  they  pave  it  the  name 
of  oxygen,  derived  from  two  Greek  words  signifymg  generator  of 
acid ;  and  they  called  inflammable  air,  hydrogen,  from  the  circum- 
stance of  its  entering  into  the  composition  of  water. 

Compounds  with  which  oxygen  forms  a  part  were  called  adds  or 
^jpides,  according  as  they  do  or  do  not  possess  acidity.  An  oxide  of 
iron  or  copper  signifies  a  combination  of  those  metals  with  oxyeen, 
which  has  no  acid  properties.  The  name  of  an  acid  was  derived  from 
the  substance  acidified  by  the  oxygen,  to  which  was  added  the  ter- 
mination in  tc.  Thus,  sulphuric  and  carbonic  acids  signifv  acid  com- 
pounds of  sulphur  and  carbon  with  oxygen  gas.  If  sulphur  or  any 
other  body  should  form  two  acids,  that  which  contains  the  least  quan- 
tity of  oxygen  is  made  to  terminate  in  otia,  as  sulphurous  acid.  The 
termination  in  uret  was  intended  to  denote  combinations  of  the  simple 
non-metallic  substances,  either  with  one  another,  with  a  metal,  or 
with  a  metallic  oxide.  Sulphured  and  carbtiref  of  iron,  for  example, 
signify  compounds  of  sulphur  and  carbon  with  iron.    The  different 
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•oxides  or  tulpharets  of  the  same  substance  were  distinguished  from 
one  another  by  some  epithet,  which  was  commonly  derived  from  the 
colour  of  the  compound,  such  as  the  blactc  and  red  oxides  of  iron,  the 
biacic  and  red  sulphurets  of  mercury.  Though  this  practice  is  still 
continued  occasionally,  it  is  now  more  customary  to  distinguish  de- 
grees of  oxidation  by  the  use  of  derivatives  from  the  Greek.  Pro- 
toxide si(fnifies  the  first  degree  of  oxidation,  (feiif oxide  the  second, 
triio\\de  the  third,  and  jveroxide  the  highest.  The  sulphurets,  car- 
burets, &c.  of  the  same  substance  are  designated  in  a  similar  way. 
The  combination  of  acids  with  alkalies,  earths,  or  metallic  oxides, 
were  termed  salts,  the  names  of  which  were  so  contrived  as  to  indi- 
cate the  substances  contained  in  them.  If  the  acidified  substance 
'contains  a  maximum  of  oxygen,  the  name  of  the  salt  terminates  io 
ate  ;  if  a  minimum,  the  termination  in  tie  is  employed.  Thus,  (be 
Bul^hate,  phosphate,  a'nd  arseniate  of  potassa,  are  salts  of  sulphuric, 
phosphoric,  and  arsenic  acids ;  while  the  terms  sulphite,  phosphi/«, 
and  arsenide  of  potassa,  denote  combinations  of  that  alkali  with  the 
sulphurous,  phosphorous,  and  arsenious  acids. 

The  advantage  of  a  nomenclature  which  disposes  the  different  parts 
of  a  science  in  so  systematic  an  order,  and  gives  such  powerful  assist- 
ance to  the  memory,  is  incalculable.  The  principle  has  been  ac- 
knowledged in  all  countries  where  chemical  science  is  cultivated,  and 
its  minutest  details  have  been  adopted  in  Britain.  It  must  be  admitted, 
indeed,  that  in  some  respects  the  nomenclature  is  defective.  The 
erroneous  idea  of  oxygen  being  the  general  acidifying  principle,  has 
exercised  an  injurious  influence  over  the  whole  structure.  It  would 
have  been  convenient  also  to  have  had  a  different  name  for  hydro- 
gen. But  it  is  now  too  late  to  attempt  a  change  ;  for  the  confusion 
attending  such  an  innovation  would  more  than  counterbalance  its  ad- 
vantages. The  original  nomenclature  has  therefore  been  preserved, 
and  such  additions  made  to  it  as  the  progress  of  the  science  rendered 
necessary.  The  most  essential  improvement  has  been  suggested  by 
the  discovery  of  the  laws  of  chemical  combination.  The  different 
salts  formed  of  the  same  constituents  were  formerly  divided  into 
neutral,  super,  and  su6-8alls.  They  were  called  neutral  if  the  acid 
and  tlkali  are  in  the  proportion  for  neutralizing  one  another ;  super- 
salts  if  the  acid  prevails ;  and  sub-salts,  if  the  alkali  is  in  excess.  The 
name  is  now  regulated  by  the  atomic  constitution  of  the  salt.  If  it  be 
a  compound  of  one  equivalent  of  the  acid  to  one  equivalent  of  the  al- 
kali, the'  generic  name  of  the  salt  is  employed  without  any  other  addi- 
tion ;  but  if  two  or  more  equivalents  of  the  acid  be  attached  to  one 
of  the  base,  or  two  or  more  equivalents  of  the  base  to  one  of  the  acid, 
a  numeral  is  prefixed  so  as  to  indicate  its  composition.  The  two  salts 
of  sulphuric  acid  and  potassa  are  called  sulphate  and  &i-sulphate ;  the 
first  containing  one  equivalent  of  the  acid  to  one  equivalent  of  the 
alkali,  and  the  second  salt,  two  of  the  former  to  one  of  the  latter. 
The  three  salts  of  oxalic  acid  and  potassa  are  termed  the  oxalate,  bin- 
oxalate,  and  (jfiiadroxalate  of  potassa ;  because  one  equivalent  of  the 
alkali  is  united  with  one  equivalent  of  acid  in  the  first,  with  two  in 
the  second,  and  with  four  in  the  third  salt.  As  the  numerals  which 
denote  the  equivalents  of  the  acid  in  a  super-salt  are  derived  from  the 
Latin  language,  Dr  Thomson  proposes  to  employ  the  Greek  nume- 
rals,  dis,  iris,  tetrakis,  to  signify  the  equivalents  of  alkali  in  a  sub- 
salt 

This  method  is  in  the  true  spirit  of  the  original  framers  of  our  nomen-  * 
clature.    Chemists  have  already  begun  to  apply  the  saifie  principle  to 
I  2 
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other  compounds  besides  salts ;  and  there  can  be  no  doubt  that  it  will 
be  applied  universally  whenever  our  knowledge  shall  be  in  a  state  to 
admit  of  its  introduction. 


SECTION  L 

'  JiFFlJVlTY. 

All  chemical  phenomena  are  owing  to  Affinity  or  chemical  attraction. 
It  is  the  basis  on  which  the  science  of  chemistry  is  founded.  It  is,  as  it 
were,  the  instrument  which  the  chemist  employs  in  all  his  operations, 
and  hence  forms  the  first  and  leading  object  of  his  study. 

Affinity  is  exerted  between  the  minutest  particles  of  different  kinds 
of  matter,  causing  them  to  combine  so  as  to  form  new  bodies  endowed 
with  new  properties.  It  acts  only  at  insensible  distances  ;  in  other 
words,  apparent  contact,  or  the  closest  proximity,  is  necessary  to  its 
action.  Every  thing  which  prevents  such  contiguity  is  an  obstacle  to 
combination,  and  any  force  which  increases  the  distance  between  par? 
tides  already  combined,  tends  to  separate  them  permanently  from  each 
other.  In  the  first  case,  they  do  not  come  within  the  sphere  of  their 
mutual  attraction ;  in  the  second,  they  are  removed  out  of  it.  It  fol- 
lows, therefore,  that  though  affinity  is  regarded  as  a  specific  power, 
distinct  from  the  other  forces  whicli  act  on  matter,  its  action  may  be 
promoted,  modified,  or  counteracted  by  several  circumstances ;  and 
consequently,  in  studying  the  phenomena  produced  by  affinity,  it  is 
necessary  to  inquire  into  the  conditions  that  influence  its  operation. 

The  most  simple  instance  of  the  exercise  of  chemical  attraction  is 
afforded  by  the  mixture  of  two  substances  with  one  another.  Water 
and  sulphuric  acid,  or  water  and  alcohol,  combine  readily.  On  the 
contrary,  water  shows  little  disposition  to  unite  with  sulphuric  ether, 
and  still  less  with  oil ;  for  however  intimately'their  particles  may  be 
mixed  together,  they  are  no  sooner  left  at  rest  than  the  ether  separates 
almost  entirely  from  the  water,  and  a  total  separation  takes  place  be- 
tween that  fluid  and  tbe.oil.  Sugar  dissolves  very  sparingly  in  alco- 
hol, but  to  any  extent  in  water ;  white  camphor  is  dissolved  in  very 
small  quantity  by  water,  and  abundantly  by  alcohol.  It  appears,  from 
these  examples,  that  chemical  attraction  is  exerted  between  different 
bodies  with  different  degrees  of  force.  There  is  sometimes  no  proof 
of  its  existence  at  all ;  oetween  some  substances  it  acts  very  feebly, 
and  between  others  with  great  energy. 

Simple  combination  of  two  particles  is  a  common  occurrence.  The 
solution  of  salts  in  water,  the  combustion  of  phosphorus  in  oxygen  gas, 
and  the  neutralization  of  a  pure  alkali  by  an  acid,  are  instances  of  the 
kind.  The  phenomena  however  are  often  more  complex.  It  fre- 
quently happens  that  the  formation  of  a  new  compound  is  attended  by 
the  destruction  of  an  existing  one.  The  only  condition  necessary  for 
this  effect,  is  the  presence  of  some  third  body  which  has  a  greater 
affinity  for  one  of  the  elements  of  a  compound  than  they  have  ror  each 
other.  Thus,  oil  has  an  affinity  for  the  volatile  alkali,  ammonia,  and 
will  unite  with  it,  forming  a  soapy  substance  called  a  liniment.  But 
the  ammonia  has  a  still  greater  attraction  for  sulphuric  acid ;  and  hence 
if  this  acid  be  added  to  the  liniment,  the  alkali  will  quit  the  oil,  and 
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unite  by  preference  with  the  acid.  If  a  solutien  of  camphor  in  alco- 
hol be  poured  into  water,  the  camphor  will  be  set  free,  because  the 
alcohol  combines  with  the  water.  Sulphuric  acid,  in  like  mtoner,  se* 
parates  baryta  from  muriatic  acid.  Combination  and  decomposition 
occur  in  each  of  these  cases ;— combination  of  sulphuric  acid  with 
ammonia,  of  water  with  alcohol,  and  of  baryta  with  sulphuric  acid  ;-* 
decomposition  of  the  compounds  formed  of  oil  and  ammonia,  of  alco- 
hol and  camphor,  and  of  muriatic  acid  and  baryta.  These  are  exam- 
ples of  what  Bergmann  called  single  electwe  q^m<y;— elective,  be- 
cause a  substance  manifests,  as  it  were,  a  choice  for  one  of  two  others, 
uniting  with  it  by  preference,  and  to  the  exclusion  of  the  other.  Many 
of  the  decompositions  that  occur  in  chemistiy  are  instances  of  single 
elective  affinity. 

The  order  in  which  these  decompositions  take  place  has  been  ex- 
pressed in  tables ;  of  which  the  following,  drawn  up  by  Geoffroy,  Is  ao 
example : — ' 

Suiphwit  Acid, 

Baryta, 

Strontia, 

Potossa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  table  signifies,  first,  that  sulphuric  acid  has  an  affinity  for  the 
substances  placed  below  the  horizontal  line,  and  may  unite  separately 
with  each ;  and,  secondly,  that  the  basis  of  the  salts  so  formed  will  be 
separated  from  the  acid  by  adding  any  of  the  alkalies  or  earths  which 
stand  above  it  in  the  column.  Thus  ammonia  will  separate  magnesia, 
lime  ammonia,  and  potassa  lime  ;  but  none  can  withdraw  baryta  from 
sulphuric  acid,  nor  can  ammonia  or  magnesia  decompose  the  sulphate 
of  lime,  though  strontia  or  baryta  will  do  so.  Bergmann  conceived 
that  these  decompositions  are  solely  determined  by  chemical  attraction, 
and  that  consequently  the  order  of  decomposition  represents  the  com- 
parative forces  of  affinity ;  and  this  view,  from  the  simple  and  natural 
explanation  it  affords  of  the  phenomenon,  was  for  a  time  very  generally 
adopted.  But  Bergmann  was  in  error.  It  does  pot  necessari^  follow, 
because  lime  separates  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossible  to  discover  how  much  of  the  effect  is  ow- 
ing to  that  power.  It  is  conceivable  that  ammonia  may  in  reality  have 
a  stronger  attraction  for  sulphuric  acid  than  lime,  and  yet  the  latter, 
from  the  great  influence  of  disturbing  cause8»  may  succeed  in  decom- 
posing the  sulphate  of  ammonia. 

The  justness  of  the  foregoing  remark  will  be  made  obvious  by  the 
following  example. — When  a  stream  of  hydrogen  gas  is  passed  over 
the  oxide  of  iron  heated  to  redness,  the  oxide  is  reduced  to  the  metal- 
lic state  and  water  is  generated.  On  the  contrary,  when  watery  va- 
pour is  brought  into  contact  with  red-hot  metallic  iron,  the  oxygen 
of  th'^e  water  quits  the  hydrogen  and  combines  with  the  iron.  It  fol- 
lows from  the  result  of  the  first  experiment,  according  to  Bergmann, 
that  hydrogen  has  a  stronger  attraction  than  iron  for  oxygen ;  and  from 
that  of  the  second,  that  iron  has  a  greater  affinity^  for  oxygen  than  by- 
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drogen.  But  these  inferences  are  incompatible  with  one  another. 
The  affinity  of  oiygen  for  the  two  elements  hydrogen  and  iron,  must 
either  be  equal  or  unequal.  If  equal,  the  result  of  both  experiments 
was  determined  by  modifying  circumstances ;  since  neither  of  these 
substances  ought  on  this  supposition  (p  take  oxygen  from  the  other. 
"But  if  the  forces  are  unequal,  the  decoD)position  in  one  of  the  experi- 
ments must  have  been  determined  by  extraneous  causes  in  direct  op- 
position to  the  tendency  of  affinity. 

To  Bertholiet  is  due  the  honour  of  pointing  out  the  fallacy  of  Berg- 
mann's  opinion.  He  was  the  first  to  show  that  the  relative  forces  of 
chemical  attraction  cannot  always  be  determined  by  observing  the  or- 
der in  which  substances  separate  each  other  when  in  com'bination,  and 
that  the  tables  of  Geoffroy  are  merely  tables  of  decomposition,  not  of 
affinity.  He  likewise  traced  all  the  various  circumstances  that  modi- 
fy the  action  of  affinity,  and  gave  a  consistent  explanation  of  the  mode 
in  which  they  operate.  Bertholiet  went  even  a  step  further.  He  de- 
Died  the  existence  of  elective  affinity  as  an  invariable  force,  capable 
of  effecting  the  perfect  separation  of  one  body  from  another;  he  main- 
tained that  all  the  instances  of  complete  decomposition  attributed  to 
elective  affinity  are  in  reality  determined  by  one  or  more  of  the  col- 
lateraKcircumstances  that  influence  its  operation.  But  here  this  acute 
philosopher  has  surely  gone  too  far.  Bergmann  is  admitted  to  have 
erred  in  supposing  the  result  of  chemical  action  to  be  in  every  case 
owing  to  elective  affinity ;  but  Bertholiet  certainly  ran  into  the  oppo- 
site extreme  m  declaring  that  the  effects  formerly  ascribed  to  that  pow- 
er are  never  produced  by  it.  That  chemical  attraction  is  exerted  be- 
tween bodies  with  different  degrees  of  energy  is,  I  conceive,  indispu- 
table. Water  has  a  much  greater  affinity  for  muriatic  acid  and  ammo- 
niacal  gases  than  for  carbonic  acid  and  sulphuretted  hydrogen,  and  for 
these  than  for  oxygen  and  hydrogen.  The  attraction  of  lead  for  oxy- 
gen is  greater  than  that  of  silver  for  the  same  substance.  The  dispo- 
sition of  gold  and  silver  to  combine  with  mercury,  is  greater  than  ther 
attraction  of  platinum  and  iron  for  that  fluid.'  As  these  differences 
cannot  be  accounted  for  by  the  operation  of  any  modifying  causes,  we 
must  admit  a' difference  in  the  force  of  affinity  in  producing  combina- 
tion. It  is  equally  clear  that  in  some  instances  the  separation  of  bo- 
dies from  one  another  can  only  be  explained  on  the  same  principle. 
No  one,  I  conceive,  will  contend  that  the  decomposition  of  hy<triodic 
acid  by  chlorine,  or  of  sulphuretted  hydrogen  by  iodine,  is  determine^ 
by  the  concurrence  of  any  modifying  circumstances. 

Affinity  is  the  cause  of  still  more  coa^)||£^ted  changes  than  those 
which  have  been  just  considered.  In  a  case  of  single  elective  affinity 
three  substances  only  are  present,  and  two  affinities  are  in  play.  But 
it  frequently  happens  that  two  compounds  are  mixed  together,  and 
four  different  affinities  brought  into  action.  The  changes  that  may  or 
do  occur  under  these  circumstances  are  most  conveniently  studied  by 
aid  of  a  diagram, — a  method  which  was  first  employed,  I  believe,  by 
Dr  Black,  and  has  since  been  generally  practised.  Thus  in  mixing  to- 
gether a  solution  of  the  carbonate  of  ammonia  and  muriate  of  lime, 
their  mutual  action  may  be  represented  in  the  following  manner : 

I 
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Carbonic  Acid  Ammonia. 


Muriatic  Acid  Lime. 


£acb  of  the  acids  has  an  attraction  for  both  bases^and  hence  it  is  pos^ 
sible  either  that  the  two  salts  should  continue  as  they  are,  or  that  an 
interchange  of  principles  should  ensue,  giving  rise  to  two  new  com- 
pounds,— the  carbonate  of  lime  and  muriate  of  ammonia.  AccordiQg 
to  the  views  of  Bergmann  the  result  is  solely  dependent  on  the  com- 
parative strength  ofafiSnities.  If  the  affini^  of  carbonic  acid  for  am- 
monia, and  01  muriatic  acid  for  Ume,  exceed  that  of  carbonic  acid  for 
lime,  added  to  that  of  muriatic  acid  for  ammonia,  then  wifl  the  two 
salts  experience  no  change  whatever;  but  if  the  latter  affinities  pre- 
ponderate, then,  as  does  actually  happen  in  the  present  example,  both 
the  original  salts  will  be  decomposed,  and  two  new  ones  generated. 
Two  decompositions  and  two  combinations  take  place,  being  an  in- 
stance of  what  is  called  dimhle  elective  affinity.  Mr  Kirwan  applied 
the  terms  quiescent  and  diveUent  to  denote  the  tendency  of  tfaje  op- 
posmg  affinities,  the  action  of  the  former  being  to  prevent  a  change,  the 
latter  to  produce  it. 

The  doctrine  of  double  elective  affinity  was  assailed  by  Berthollet 
on  the  same  ground  and  with  the  same  success  as  in  the  case  of  single 
elective  attraction.  He  succeeded  in  proving  that  the  efifoct  cannot 
always  be  ascribed  to  the  sole  influence  of  affinity.  For,  to  take  the 
example  already  adduced,  if  carbonate  of  ammonia  decompose  muriate 
of  lime  by  the  mere  force  of  a  superior  attraction,  it  is  manifest  that 
carbonate  of  lime  ought  niaver  to  decompose  muriate  of  ammonia.  But 
if  these  two  salts  are  mixed  in  a  diy  state  and  exposed  to  heat,  double 
decomposition  does  take  place,  carbonate  of  ammonia  and  muriate  of 
lime  being  formed ;  and  therefore  if  the  chanee  in  the  first  example 
was  produced  by  chemical  attraction  alone,  that  in  the  second  must 
have  occurred  in  direct  opposition  to  that  power.  It  does  not  follow, 
however,  because  the  result  is  sometimes  determined  by  modifying 
conditions,  that  it  must  always  be  so.  I  apprehend  that  the  decom- 
position of  the  solid  cyanuret  of  mercury  by  sulphuretted  hydrogen 
gas,  ivhich  takes  place  even  at  a  low  temperature,  cannot  be  ascribed 
to  any  other  cause  than  a  preponderance  of  the  divellent  over  the 
quiescent  affinities. 
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On  the  Changes  that  accompany  Chemical  Action. 

Tlie  leading  circumstance  that  characterises  chemical  action  is  the 
loss  of  properties  experienced  by  the  combiuing  substances,  and  the 
acquisition  of  new  ones  by  the  product  of  their  combination.  The 
change  of  property  is  sometimes  inconsiderable.  In  a  solution  of 
sugar  or  salt  in  water,  and  in  mixtures  of  water  with  alcohol  or 
sulphuric  acid,  the  compound  retains  so  much  of  the  character  of  its 
constituents,  that  there  is  no  difficulty  in  recognising  their  presence. 
But  more  generally  the  properties  of  one  or  both  of  the  combining  , 
bodies  disappear  entirely.  No  ingenuity  could,  guess,  a  priori,  that 
water  is  a  compound  body,  much  less  that  it  is  composed  of  two  gases, 
oxygen  and  hydrogen,  neither  of  which,  when  uncombined,  has  ever 
been  compressed  into  a  liquid.  Hydrogen  is  one  of  the  most  inflam- 
mable substances  in  nature,  and  yet  water  cannot  be  set  on  fire ;  oxy- 
gen* on  thp  contrary,  enables  bodies  to  burn  with  great  brilliancy,  and  - 
yet  water  extinguishes  combustion.  The  alkalies  and  earths  were  re- 
garded as  simple  till  Sir  H.  Davy  proved  them  to  be  compound,  and 
certainly  they  evince  no  sign  whatever  of  containin^g  oxygen  and  a 
metal.  Numerous  examples  of  a  similar  kind  are  afrorded  by  the  ac- 
tion of  acids  and  alkalies  on  one  another.  Sulphuric  acid  and  potassa, 
for  example,  are  highly  caustic.  *  The  former  is  intensely  sour,  red- 
dens the  blue  colour  of  vegetables,  and  has  a  strong  affinity  for  alkaline 
substances ;  the  latter  ba^  a  pungent  taste,  converts  the  blue  colour  of 
vegetables  to  green,  and  combines  readily  with  acids.  On  adding 
these  principles  cautiously  to  one  another,  a  compound  result  called' 
a  neutral  salf,  which  does  not  in  any  way  affect  the  colouring  matter 
of  plants,  and  in  which  the  other  distinguishing  features  of  the  acid 
and  alkali  can  no  longer  be  perceived.  They  appear  to  have  destroy- 
ed the  properties  of  each  other,  and  are  hence  said  to  neutralize  one 
another. 

The  other  phenomena  that  acccompany  chemical  action  are  changes 
of  density,  temperature,  form,  and  colour. 

1.  It  is  observed  that  two  bodies  rarely  occupy  the  same  space  after 
combination  as  they  did  separately.  In  general  their  bulk  is  dimin- 
ished, so  that  the  specific  gravity  of  the  new  body  isgreater  than  the 
mean  of  its  components.  Thus  a  mixture  of  100  measures  of  water 
and  an  equal  quantity  of  sulphuric  acid  do  not  occupy  the  space  of 
200  measures,  but  considerably  less.'  A  similar  contraction  frequently 
attends  the  combination  of  solids.  Gases  often  experience  a  remarka- 
ble condensation  when  they  unite.  The  elements  of  olefiant  gas,  for 
instance,  would  expand  to  four  times  the  bulk  of  that  compound,  if 
they  were  suddenly  to  become  free,  and  assume  the  gaseous  form. 
But  the  rule  is  not  without  exception.  The  reverse  happens  in  some 
metallic  compounds ;  and  there  are  examples  of  combination  between 
gases  without  any  change  of  bulk. 

2.  A  change  of  temperature  generally  accompanies  chemical  action. 
Caloric  is  evolved  either  when  there  is  a  diminution  in  the  bulk  of  the 
combining  substances  without  a  change  of  form,  or  when  a  gas  is  con- 
densed into  a  liquid,  or  when  a  liquid  becomes  solid.  The  heat 
caused  by  mixing  siilphuric  acid  with  water  is  an  instance  of  the 
former;  and  the  common  process  of  slacking  lime,  during  which  water 
loses  its  liquid  form  in  combining  with  that  earth,  is  an  example  of 
the  second.  The-rise  of  temperature  in  these  cases  is  obviously  re- 
ferable to  a  diminution  in  the  capacity  of  the  new  compound  for 
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ealoric ;  bat  an  intense  degree  of  heat  sometimes  accompanies  chemi- 
cal action  under  circumstances  in  which  an  explanation  founded  on  a 
change  of  specific  caloric  is  quite  inadmissible.  At  present  it  is 
enough  to  have  stated  the  fact ;  the  theory  of  it  will  be  discussed 
under  the  subject  of  combustion.  The  production  of  cold  seldom  or 
never  talces  place  during  combination,  except  when  the  specific  calorie 
is  suddenly  increased  by  the  conversion  of  a  solid  into  a  liquid,  or  a 
liquid  into  a  gas.    All  the  frigorific  mixtures  act  in  this  way. 

8.  The  changes  of  form  that  attend  chemical  action  are  ex- 
ceedingly various.  The  combination  of  gases  may  give  rise  to  a  liquid 
or  a  solid ;  solids  sometimes  become  liquid,  or  liquids  solid.  Several 
familiar  chemical  phenomena,  such  as  explosions,  eflfervescence,  and 
precipitations,  are  owing  to  these  changes.  The  sudden  evolution  of 
a  large  quantity  of  gaseous  matter  occasions  an  explosion,  as  when 
^  gunpowder  detonates.  The  slower  disengagement  ofgas  causes  effer- 
vescence, as  occurs  when  marble  is  put  into  muriatic  acid.  A  preci- 
pitate is  owing  to  the  formation  of  a  new  body  which  happens  to  be 
insoluble  in  the  liquid  in  which  its  elements  were  dissolved. 

4.  The  colour  of  a  compound  is  frequently  quite  different  from  that 
of  the  substances  by  which  it  is  formed.  There  does  not  appear  to  be 
any  uniform  relation  between  the  colour  of  a  body  and  that  of  its  ele- 
ments ;  so  that  it  is  not  possible  to  anticipate  the  colour  of  any  parti- 
cular compound  by  knowing  the  principles  which  enter  into  its  com- 
position. Iodine,  whose  vapour  is  of  a  violet  hue,  forms  a  beautiful 
red  compound  with  mercury,  and  a  yellow  one  with  lead.  The  brown 
oxide  of  copper  generally  gives  rise  to  green  and  blue  coloured  salts  : 
while  the  salts  of  the  oxide  of  lead,  which  is  itself  yellow,  are  for 
the  most  part  colourless.  The  colour  of  precipitates  Is  a  very  im- 
portant study,  as  it  often  enables  the  chemist  to  distinguish  bodies 
from  one  another  when  in  solution. 

On  the  Circumstances  that  modify  and  influence  the 
Operation  of  Affinity. 

Of  the  Qonditions  which  are  capable  of  promoting  or  counteracting 
the  tendency  of  chemical  attraction,  the  following  .are  the.  most  im- 
portant ; — cohesion,  elasticity,  quantity  of  matter,  and  gravity.  To 
these  may  be  added  the  agency  of  the  imponderables. 

Cohesion. 

The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by  imped- 
ing or  preventing  that  mutual  penetration  and  close  proximity  of  the 
particles  5f  different  bodies,  which  is  essential  to  the  successful  exer- 
cise of  their  attraction.  For  this  reason  bodies  seldom  act  chemically 
in  their  solid  state ;  their  molecules  do  not  come  within  the  sphere  of 
attraction,  and  therefore  combination  cannot  take  place,  although 
their  affinity  may  in  fact  be  considerable.  Liquidity,  on  ^e  contrary, 
favours  chemical  action ;  it  permits  the  closest  possit|le  appfoximation, 
while  the  cohesive  power  is  comparatively  so  trifling  as  tt>  oppose  no 
appreciable  barrier  to  affinity. 

Cohesion  may  be  diminished  in  two  ways,  by  mechanical  division, 
or  by  the  application  of  heat.  The  former  is  useful  by  increasing  the 
extent  of  surface :  but  it  is  not  of  itself  in  general  sufficient,  because 
the  particles,  however  minute,  still  retain  that  degree  of  cohesion 
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which  constitutes  solidity.  Caloric  acts  with  greater  effect,  and  never 
fails  in  promoting  combination,  whenever  the  cohesive  power  is  a 
barrier  to  it.  Its  intensity  should  always  be  so  regulated  as  to  pro- 
duce liquefaction.  It  is  often  enough  to  liquefy  one  of  the  substan- 
ces, as  is  proved  by  the  facility  with  which  water  dissolves  many 
salts  and  other  solid  bodies.  But  it  is  easy  to  perceive  that  the  co- 
hesive power  is  still  in  operation :  for  a  solid  is  commonly  dissolved  in 
greater  quantity  when  its  cohesion  is  diminished  by  caloric.  The  re- 
duction of  both  substances  to  the  liquid  state  is  the  best  method  for 
ensuring  chemical  action.  The  slight  degree  of  cohesion  possessed 
by  tiquids  does^not  appear  to  cause  any  impediment  to  combination ; 
for  they  commonly  act  as  energetically  on  each  other  at  low  tempera- 
tures, or  at  a  temperature  just  sufficient  to  cause  perfect  liquefaction, 
as  when  their  cohesive  power  is  still  further  diminished  by  caloric. »  It 
seems  fair  to  infer,  therefore,  that  very  little,  if  any,  affinity  exists  be- 
tween two  bodies,  which  do  not  combine  when  they  are  intimately 
mixed  in  a  liquid  state. 

The  phenomena  of  crystallization  are  owing  to  the  ascendency  of 
cohesion  over  affinity.  When  a  large  quantity  of  salt  has  been  dis- 
solved in  water  by  the  aid  of  heat,  part  of  the  saline  matter  generally 
separates  as  the  solution  cools,  because  the  cohesive  power  of  the 
salt  then  becomes  comparatively  too  powerful  for  chemical  attraction. 
Its  particles  begin  to  cohere  together,  and  are  deposited  in  crystals, 
the  process  of  crystallization  continuing  till  it  is  arrested  by  the  affini- 
ty of  the  liquid.  A  similar  change  happens  when  a  solution  made  in 
the  cold  is  gradually  evaporated.  The  cohesion  of  the  saline  particles 
is  no  longer  counteracted  by  the  affinity  of  the  liquid,  and  the  salt 
therefore  assumes  the  solid  form. 

Cohesion  plays  a  still  more  important  part.  It  sometimes  deter- 
mines theVesuU  of  chemical  action,  probably  even  in  opposition  to 
~  affinity.  Thus,  on  mixing  together  a  solution  of  two  acids  and  one  ^ 
alkali,  of  which  two  salts  may  be  formed,  one  soluble  and  the  other  * 
insoluble,  the  alkali  will  unite  with  that  acid,  with  which  it  forms  the 
insoluble  compound,  to  the  total  exclusion  of  the  other.  This  is  one 
of  the  modifying  circtAnstances  employed  by  Berthollet  to  account 
for  the  phenomena  of  single  elective  attraction,  and  it  certainly  is  ap- 
plicable to  many  of  the  instances  to  be  found  in  the  tables  of  affinity. 
When,  for  example,  muriatic  acid,  sulp|iuric  acid,  and  baryta,  ar^ 
mixed  together,  the  sulphate  of  baryta  is  formed  in  consequence  of 
its  insolubility.  Lime,  which  yields  an  insoluble  salt  wflh  carbonic 
acid,  separates  that  acid  from  ammonia,  poiassa,  and  soda,  with  all  of 
which  it  makes  soluble  compounds. 

A  similar  explanation  may  be  given  of  many  cases  of  double  elec- 
tive attraction.  On  mixing  together  in  solution  four  substances.  A, 
B,  C,  D,  of  which  it  is  possible  to  form  four  compounds,  AB  and  CD, 
or  AC  and  BD,  that  compound  will  certainly  be  produced  which  hap- 
pens to  be  insoluble.  Thus  sulphuric  acid,  soda,  muriatic  acid,  and 
baryta,  may  give  ri^  either  to  sulphate  of  soda  and  muriate  of  baryta, 
or  sulphate  of  baryta  .and  muriate  of  soda ;  but  the  first  two  salts  can* 
not  exist  together  in  the  same  liquid,  because  the  insoluble  sulphate 
of  baryta  is  instantly  generated,  and  its  formation  necessarily  causes 
the  muriatic  acid  to  combine  with  the  soda.  In  like  manner,  murin 
ate  of  lime  is  decomposed  by  carbonate  of  ammonia,  in  consequence 
of  the  insolubility  of  carbonate  of  lime. 

To  comprehend  the  manner  in  which  cohesion  acts  in  these  instances, 
it  is  necessary  to  consider  what  takes  place  when  in  the  same  liquid 
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two  or  more  compounds  are  brought  together,  which  do  not  give  rise 
to  an  insoluble  substance.  ■  Thus  on  mixiog  solutions  of  sulphate  of 
potassa  and  muriate  of  soda,  no  precipitate  ensues ;  because  the  salts 
capable  of  being  formed  by  double  decomposition,  sulphate  of  soda 
and  muriate  of  potassa,  are  likewise  soluble.  In  this  case  it  is  possi- 
ble either  that  each  acid  may  be  confined  to  one  base,  so  as  to  con- 
stitute two  neutral  salts ;  or  that  each  acid  may  be  divided  between 
both  basds,  yielding  four  neutral  salts.  It  is  difficult  to  decide  this 
point  in  an  unequivocal  manner ;  but  judging  from  many  chemical 
phenomena,  there  can,  I  apprehend,  be  no  doubt  that  the  arrangement 
last  mentioned  is  the  most  frequent,  and  is  probably  universal  when- 
ever the  relative  forces  of  affinity  are  not  very  unequal.  When  two 
acids  and  t%vo  bases  meet  together  in  neutralizing  proportion,  it  may 
therefore  be  inferred,  that  each  acid  unites  with  l>oth  the  bases  in  a 
manner  regulated  by  their  respective  forces  of  affinity,  and  that  four  - 
salts  are  contained  in  solution.  In  like  manner  the  presence  of  three 
acids  and  three  bases  will  give  rise  to  nine  salts ;  and  when  four  of 
each  are  present,  sixteen  salts  will  be  produced.  This  view  affords 
the  most  plausible  theory  of  the  constitution  of  mineral  waters,  and  of 
the  products  which  they  yield  by  evaporation. 

The  Influence  of  insolubility  in  determining  the  result  of  chemical 
action. may  be  readily  explained  on  this  principle.  If  muriatic  acid, 
sulphuric  acid,  and  baryta  are  mixed  together  in  solution,  the  base 
may  be  conceived  to  be  at  first  divided  between  the  two  acids,  and 
the  muriate  and  sulphate  of  baryta  to  be  generated.  The  latter  being 
insoluble  is  instantly  removed  beyond  the  influence  of  the  muriatic 
acid,  so  that  for  ftn  instant  muriate  of  baryta  and  free  sulphurif  acid 
remain  in  the  liquid ;  but  as  the  base  left  in  solution  is  again  divided 
between  the  two  acids,  a  fresh  quantity  of  the  insoluble  sulphate  is 
generated ;  and  this  process  of  partition  continues,  until  either  the 
baryta  or  the  sulphuric  acid  is  withdrawn  from  the  solution.  Similar 
changes  ensue  when  muriate  of  baryta  and  sulphate  of  soda  are 
mixed. 

The  separation  of  salts  by  crystallization  from  mineral  waters  or 
other  saline  mixtures  is  explicable  by  a  similar  mode  of  reasoning. 
Thus  on  mixing  muriate  of  potassa  and  sulphate  of  soda,  four  salts 
according  to  this  view  are  generated,  namely,  the  sulphates  of  soda 
and  potassa,  and  the  muriates  of  those  bases;  and  if  the  solution  be 
allowed  to  evaporate  gradually,  a  point  at  length  arrives  when  the 
least  soluble  of  these  salts,  the  sulphate  of  potassa,  will  be  disposed 
to  crystallize.  As  soon  as  some  of  its  crystals  are  deposited,  and  thus 
withdrawn  from  the  influence  of  the  other  salts,  the  constituents  of 
these  undergo  a  new  arrangement,  whereby  an  additional  quantity  of 
the  sulphate  of  potassa  is  generated  ;  and  this  process  continues  until 
the  greater  part  of  the  sulphuric  acid  and  potassa  has  combined,  and 
the  compound  removed  by  crystallization.  If  the  difference  in  solu- 
bility is  considerable,  the  separation  of  salts  may  be  often  rendered 
very  complete  by  this  method.  ^ 

The  ^orescen^e  of  a  salt  is  sometimes  attended  with  a  similar  re- 
sult. If  carbonate  of  soda  and  muriate  of  lime  are  mingled  together 
in  sohition,  double  decomposition  takes  place,  and  the  insoluble  car- 
bonate of  lime  subsides.  But  if  carbonate  of  lime  and  siea-salt  are 
mixed  in  the  solid  state,  and  a  certain  degree  of  moisture  is  present,  a 
mutual  interchange  of  the  constituents  ensues.  Carbonate  of  soda, 
and  muriate  of  lime,  are  slowly  generated;  and  as  the  former,  as  soon 
as  it  is  formed*  separates  itself  From  the  mixture  by  efflorescence,  its 
production  continues  progressively.  The  efflorescence  of  carbonate 
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of  Mda,  which  is  sometimes  seen  on  old  walls,  or  which  tn  some  coun- 
tries is  found  on  the  soil,  appears  to  have  originated  in  this  man- 
ner. 

Elasticity. 

From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity,  the 
caseous  state  in  which  the  cohesive  power  is  wholly  wanting,  might 
be  expected  to  be  peculiarly  favourable  to  chemical  action.  The  re- 
verse, however,  is  tne  fact.  Bodies  evince  little  disposition  to  unite 
when  presented  to  each  other  in  the  elastic  form.  Pombination  does 
indeed  sometimes  take  place,  in  consequence  of  a  very  energetic  at- 
traction ;  but  examples  of  an  opposite  kind  are  much  more  common. 
Oxygen  and  hydrogen  gases,  and  chlorine  and  hydrogen,  though  their 
mutual  affinity  is  very  powerful,  may  be  preserved  together  for  any 
length  of  time  without  combining.  This  want  of  action  seems  to 
arise  from  the  distance  between  the  particles  preventing  that  close 
approximation  which  is  so  necessary  to  the  successful  exercise  of  af- 
finity. Hence  many  gases  cannot  be  made  to  unite  directly,  which 
nevertheless  combine  readily  while  in  their  nascent  state  \  that  is, 
while  in  the  act  of  assuming  the  gaseous  form  by  the  decomposition 
of  some  of  their  solid  or  fluid  combinations. 

Elasticity  operates  likewise  as  a  decomposing  agent.  If  two  gases, 
whose  reciprocal  attraction  is  feeble,  suffer  considerable  condensation 
when  they  unite,  the  compound  will  be  decomposed  by  very  slight 
causes.  The  chloride  of  nitrogen,  which  is  an  oily-like  liquid,  com- 
posed of  the  two  gases,  chlorine  and  nitrogen,  answers  this  description 
completely ;  and  it  is  remarkable  for  being  the  most  explosive  sub- 
stance hitherto  discovered.  A  slight  elevation  of  temperature,  by  in- 
creasing Uie  natural  elasticity  of  the  two  gases,  or  the  contact  of  sob- 
stances  which  have  an  affinity  for  either  of  them,  produces  an  immedi- 
ate explosion. 

Many  familiar  phenomena  of  decomposition  are  owing  to  elasticity. 
All  compounds  that  contain  a  volatile  and  a  fixed  principle,  are  liable 
to  be  decomposed  by  a  high  temperature.  The  expansion  occasioned 
by  caloric  removes  the  elements  of  the  compound  to  a  greater  distance 
from  one  another,  and  thus,  by  diminishing  the  force  of  chemical  at- 
traction, favours  the  tendency  of  the  volatile  principle  to  assume  the 
form  which  is  natural  to  it.  The  evaporation  of  water  from  a  solution 
of  salt  is  an  instance  of  this  kind. 

Many  solid  substances  which  contain  water  in  a  state  of  intimate 
combination,  part  with  it  in  a  strong  heat,  in  consequence  of  the  vola- 
tile nature  of  that  liquid.  The  separation  of  oxygen  from  some  metals, 
by  heat  alone,  is  explicable  on  the  same  principle. 

It  appears  from  these,  and  some  preceding  remarks,  that  the  in- 
fluence of  caloric  over  affinity  is  variable ;  for  at  one  time  it  promotes 
chemical  union,  and  opposes  it  at  another.  Its  action,  however,  is 
always  consistent.  ^Whenever  the  cohesive  power  is  an  obstacle  to 
combination,  caloric  favours  affinity,  as  by  diminishing  the  cohesion 
of  a  solid,  or  by  converting  a  solid  into  a  liquid.  As  the  cause  of  the 
gaseous  state,  on  the  contrary,  it  keeps  at  a  distance  particles  which 
would  otherwise  unite ;  or  by  producing  expansion,  it  tends  to. sepa- 
rate substances  from  one  another,  which  are  already  combined.  There 
is  one  effect  of  caloric  which  seems  somewhat  anomalous ;  namely, 
the  combination  which  ensues  In  gaseous  explosive  mixtures  on  the  ap- 
proach of  flame.  The  explanation  given  by  Berthollet  is  probably  cor^ 
ject,— that  the  sudden  dilatation  of  the  gases  in  the  immediate  vicini- 
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ty  of  the  flame,  acts  as  a  Tioleot  compressing  power  to  the  contigfi- 
CU9  portions,  and  thus  brings  them  within  the  sphere  of  their  attrac- 
tion. 

Some  of  the  decompositions,  which  were  attributed  by  Bergmann 
to  the  sole  influence  of  elective  affinity,  may  be  ascribed  to  elasticity. 
If  three  substances  are  mixed  together,  two  of  which  can  form  a  com* 
pound  which  is  less  volatile  than  the  third  body,  the  last  will,  in  gene- 
ral,  be  completely  driven  off  by  the  application  of  heat.  The  decom- 
position of  the  muriate  or  any  of  the  salts  of  ammonia,  by  lime  or  the 
pure  aJkalies  or  alkaline  earths,  may  be  adduced  as  an  example  ;  and  for 
the  same  reason,  all  the  carbonates  are  decomposed  by  muriatic  acid, 
and  all  the  muriates  by  sulphuric  acid.  This  explanation  applies  equal- 
ly well  to  some  cases  of  double  decomposition.  It  explains,  for  in- 
stance, why  the  dry  carbonate  of  lime  will  decompose  muriate  of  am- 
monia by  the  aid  of  beat;  for  carbonate  of  ammonia  is  more  volatile 
than  the  muriate  either  of  ammonia  or  lime. 

The  influence  of  elasticity  in  determining  the  result  of  chemical  ac- 
tion in  these  instances,  seems  owing  to  the  same  cause  which  enables 
insolubility  to  be  productive  of  similar  eflects.  Thus  on  mixing  mu- 
riate of  ammonia,  and  lime,  the  acid  is  divided  between  the  two  bases, 
some  ammonia 'becomes  free,  which,  in  consequence  of  its  elasticity, 
is  entirely  expelled  by  a  gentle  heat.  The  acid  of  the  remaining  mu- 
riate of  ammonia  is  again  divided  between  the  two  bases ;  and  if  a  suf- 
ficient quantity  of  lime  is  present,  the  ammoniacal  salt  will  be  com- 
pletely decomposed.  In  like  manner  the  decomposition  of  potassa 
may  be  etfected  by  iron,  though  the  affinity  of  this  metal  for  oxygen 
seems  much  inferior  to  that\>f  potassium  for  oxygen.  If  potassa  in 
the  fused  state  be  brought  in  contact  with  metallic  iron  at  a  white 
heat,  the  oxygen  is  divided  between  the  two  metals,  and  a  portion  of 
potassium  set  at  liberty.  But  as  potassium  is  volatile  at  a  white  heat, 
it  is  expelled  at  the  instant  of  reduction,  and  thus  by  its  influence  be- 
ing withdrawn  gives  an  opportunity  for  the  decomposition  of  an  addi- 
tional quantity  of  potassa. 

Quantity  of  Matter. 

The  influence  of  quantity  of  matter  over  affini^^  is  universally  ad- 
mitted. If  one  body  A  unites  with  another  body  B  in  sereral  propor- 
tions, that  compound  will  be  most  difficult  of  decomposition 'which 
contains  the  smallest  quantity  of  B.  Of  the  three  oxides  of  lead,  for 
instance,  the  peroxide  parts  most  easily  with  its  oxygen  by  the  action 
of  caloric ;  a  higher  temperature  is  required  to  decompose  the  deutox- 
ide,  and  the  protoxide  will  bear  the  strongest  heat  of  our  furnaces, 
without  losing  a  particle  of  its  oxygen. 

The  influence  of  quantity  over  chemical  attraction  may  be  further 
illustrated  by  the  phenomena  of  solution.  When  equal  weights  of  a 
soluble  salt  are  added  in  succession  to  a  given  quantity  of  water, 
which  is  capable  of  dissolving  almost  the  whole  of  the  salt  employed, 
the  first  portion  of  the  salt  will  disappear  more  readily  than  the  second, 
the  ^econd  than  the  third,  the  third  than  the  fourth,  and  so  on.  The 
affinity  of  the  water  for  the  saline  substances  diminishes  with  each 
addition,  till  at  last  it  is  weakened  to  such  a  degree  as  to  be  unable  to 
overcome  the  cohesion  of  the  salt. .  The  process  then  ceases,  and  a 
saturated  solution  is  obtained. 

Quantity  of  matter  is  employed  advantageously  in  many  chemical 
operations.  If,  for  instance,  a  chemist  is  desirous  of  separating  an 
acid  frem  a  metallic  oxide  by  means  of  the  superior  affinity  of  potassa 
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for  the  former,  he  frequently  uses  rather  more  of  the  alkali  thau  is  suf- 
ficent  for  Deutralizing  the  acid.  He  takes  the  precaution  of' employ^ 
ing  an  eicess  of  alkali,  in  order  the  more  effectually  to  bring  every 
particle  of  the  jsubstance  to  be  decomposed  in  colitact  with  the  decom- 
posing agent. 

But  BerthoUet  has  attributed  a  much  greater  influence  to  quantity  of 
matter.  It  was  the  basis  of  his  doctrine,  developed  in  the  Staiique 
Chimique,  that,  bodies  cannot  be  wholly  separated  from  each 
other  by  the  affinity  of  a  third  substance  for  one  element  of  a  com- 
pound ;  and  to  explain  why  a  superiqr  chemical  attraction  does  not 
produce  the  effect  which  might  be  expected  from  it,  he  contended  that 
quantity  of  matter  compensates  for  a  weaker  affinity.  From  the  co- 
operation of  several  disturbing  causes,  BerthoUet  perceived  that  the 
force  of  affinity  capnot  be  estimated  with  certainty  by  observing  the 
order  of  decomposition ;  and  he  therefore  had  recourse  to  another  me- . 
thod.  He  set  out  by  supposing  that  the  affinity  of  different  acids^for 
the  same  alkali,  is  in  the  inverse  ratio  of  the  ponderable  quantity  of 
each  which  is  necessary  for  neutralizing  equal  quantities  of  the  alkali. 
Thus,  if  two  parts  of  one  acid  A,  and  one  part  of  another  acid  B,  are 
required  to  neutralize  equal  quantities  of  the  alkali  C,  it  was  inferred 
that  the  affinity  of  B  for  C  was  twice  as  great  as  that  of  A.  He  con- 
ceived, further,  that  as  two  parts  of  A  produce  the  same  neutralizing 
effect  as  one  part  of  B,  the  attraction  exerted  by  any  alkali  towards 
two  parts  of  A  ought  to  be  precisely  the  same  as  for  the  one  part  of 
B ;  and  he  hence  concluded  that  there  is  no  reason  why  the  alkali 
should  prefer  theSmall  quantity  of  one  to  the  large  quantity  of  the 
other.  On  this  he  founded  the  principle  that  quantity  of  matter  com- 
pensates for  force  of  attraction. 

BerthoUet  has  here  obviously  confounded  two  things,  namely,  force 
of  attraction  and  neutralizing  power,  which  are  really  different,  and 
ought  to  be  held  distinct.  The  relative  weights  of  muriatic  and  sul- 
phuric acids  required  to  neutralize  an  equal  quantity  of  any  alkali,  or, 
in  other  words,  their  capacities  of  saturation,  are  as  37  to  40,  a  ratio 
which  lemains  constant  with  respect  to  all  other  alkalies.  The  affini- 
ty of  these  acids,  according  to  BerthoUet's  rule,  will  be  expressed 
by  the  same  numbers.  But  in  taking  this  estimate,  we  have  to  make 
three  assumptions,  aH  of  which  are  disputable.  There  is  no  proof,  in 
the  first  place,  that  muriatic  acid  has  a  greater  affinity  for  an  alkali,, 
such  as  potassa,  than  sulphuric  acid,.  Such  an  inference  would  Be  di- 
rectly opposed  to  the  general  opinion  founded  on  the  order  of  decom- 
position ;  and  though  that  order,  as  has  been  shown,  is  by  no  means 
a  satisfactory  test  of  the  strength  of  affinity,  it  would  be  improper  to 
adopt  an  opposite  conclusion  without  having  good  reasons  for  doing  so. 
Secondly,  were  it  established  that  muriatic  acid  has  the  greater  affini- 
ty, it  does  not  follow  that  the  attraction  of  those  acids  for  potassa  is  in 
tne  ratio  of  87  to  40.  And,  thirdly,  supposing  this  point  settled,  it  is 
very  improvable  that  the  ratio  of  their  affinity  for  one  alkali  will  apply 
to  all  others  ;  analogy  would  lead  us  to  anticipate  the  reverse.  Inde- 
pendently of  these  objections,  M.  Dulong  has  found  that  the  princi- 
ple of  BerthoUet  is  not  in  accord  with  the  results  of  experiment. 

Though  this  mode  of  determining  the  relative  forces  of  affinity  can- 
not be  admitted,  it  is  possible  that  quantity  of  matter  may  somehow  or 
other  compensate  for  a  weaker  affinity,  and  BerthoUet  attempted  to 
prove  it  by  experiment.  On  boiling  the  sulphate  of  .baryta  with  an 
equal  weight  of  pure  potassa,  the  alkali  is  found  to  have  deprived  the 
baryta  of  a  small  portion  of  its  acid ;  and  on  treating  oxalate  of  lime 
with  nitric  acid,  some  nitrate  of  lime  is  generated.    As  these  partial 
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decompositions  are  contrary  to  the  Supposed  order  of  elective  affinity, 
it  was  conceived  tliat  they  were  produced  by  quantity  of  matter  act- 
ing in  opposition  to  force  of  attraction.  But  they  by  no  means  justify 
such  a  conclusion.  In  the  decomposition  of  sulphate  of  .baryta  by 
potassa*,  no  care  was  taken  to  exclude  the  atmospheric  air  during  the 
operation  :  the  alkali  must  consequently  have  absorbed  carbonic  acid ; 
and  it  is  an  established  fact  that  4:arbonate  of  potassa  decomposes  par- 
tially the  sulphate  of  baryta.  A  similar  omission  appears  to  have 
been  made  in  the  other  experiments  where  decomposition  was  attempt- 
ed by  pure  potassa  or  soda.  In  many  instances  the  result  may  fairly 
be  attributed  to  other  causes.  -  Acids  and  alkalies  have  often  a  ten- 
dency to  unite  in  more  than  one  proportion,  and.  ¥nll  readily  form 
salts  with  excess  of  acid  or  of  base  when  circumstances  are  favoura- 
ble to  their  production.  Thus  on  adding  nitric  acid  to  the  insoluble 
phosphate  of  lime,  the  earth  is  divided  between  the  two  acids,  and  a 
nitrate  and  bi-phosphate  of  lime  are  generated.  It  is  difficult,  if  not 
impossible,  to  effect  the  entire  decomposition  of  nitrate  of  potassa  by  a 
quantity  of  sulphuric  acid  just  sufficient  for  neutralizing  the  alkali ;  for 
the  sulphuric  acid,  instead  of  taking  the  whole  of  the  potassa,  is  apt 
to  unite  with  part  of  it,  and  form  the  bisulphate.  This  tendency  to 
the  formation  of  an  acid  salt  accounts  for  the  fac4  quite  satisfactorily  ; 
nor  is  there  any  reason  to  infer  t^  co-operation  of  any  other  cause. 
Another  circumstance  that  influences  the  result  of  such  experiments, 
and  which  BerthoUet  left  out  or  view  entirely,  is  the  affinity  of  salts 
for  one  another.  On  the  whole,  therefore,  we  may  infer  that  Berthol* 
let  has  given  no  satisfactory  case  in  which  quantity  Of  matter  is  prov- 
ed to  compensate  for  a  weaker  affinity.  Saline  substances,  indeed, 
•seem  ill  adapted  to  such  researches.  For  it  is  impossible  in  many,  if 
not  in  most  cases,  to  decide  upon  the  relative  strength  of  the  attrac- 
tion of  two  acids  for  an  alkali,  or  of  two  alkalies  for  an  acid,  which  ne- 
vertheless is  an  important  element  in  the  inquiry ;  and  even  did  we 
possess  such  knowledge,  the  influence  of  modifying  circumstances  is 
such,  that  it  is  difficult  to  appreciate  the  share  they  may  have  in  pro* 
ducing  a  given  effect. 

Gravity. 

The  influence  of  gravity  is  perceptible  when  it  is  wished  to  make 
two  substances  unite,  the  densities  of  which  are  different.  In  a  case 
of  simple  solution,  a  larger  quantity  of  saline  matter  is  found  at  the 
bottom  than  at  the  top  of  the  liquid,  unless  the  solution  shall  have 
been  well  mixed  subsequently  to  its  formation.  In  making  an  alloy 
of  two  metals  which  differ  from  one  another  in  density,  a  larger tiuan- 
iity  of  the  heavier  metal  will  be  found  at  the  lower  than  in  the  upper 
part  of  the  compound,  unless  great  care  be  taken  to  counteract  the 
tendency  of  gravity  by  agitation.  This  force  obviously  acts,  like  the 
cohesiye  power,  in  preventing  a  sufficient  degree  of  approdmation. 

Impanderabks, 

The  influence  which  caloric  exerts  over  chemical  phenomena,  and 
the  modes  in  which  it  operates,  have  been  already  discussed.  The 
chemical  agency  of  galvanism  has  also  been  described.  The  effects 
of  light  will  be  most  conveniently  stated  in  other  parts  of  the  work. 

*  Researches  into  the  Laws  of  Affinity. 
K2  . 
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Eleetricity  is  frequently  employed  to>produce  the  combination  of  gases 
with  one  another, and  in  some  instances  to  separate  them.  It  appears 
to  act  by  the  heat  which  it  occasions,  and  therefore  on  the  same  prin- 
ciple as  flame. 

Oh  the  Measure  of  Affinity. 

As  the  foregoing  observations  prove  that  the  order  of  decomposition 
is  not  always  a  satisfactory  measure  of  affinity,  it  becomes  a  question 
whether  there  are  any  means  of  determiniilg  the  comparative  forces  Qf 
chemical  attraction.  When  no  disturbing  causes  operate,  the  pheno- 
mena of  decomposition  afford  a  sure  criterion  ;  but  when  the  conclu- 
sions obtained  in  this  way  are  doubtful,  assistance  may  be  frequently 
derived  from  other  sources.  The  surest  indications  are  procured  by 
observing  the  tendency  of  different  substances  to  unite  with  the  same 
principle,  under  the  same  circumstances,  and  subsequently  by  marking 
the  comparative  facility  of  decomposition  when  the  compounds  so 
formed  are  exposed  to  the  same  decomposing  agent.  Thus,  on  expos- 
ing gold,  lead,  and  iron,  to  air  and  moisture,  the  iron  rusts  with  great 
rapidity,  the  lead  is  only  tarnished,  and  the  gold  retains  its  lustre.  It  is 
hence  inferred  that  irj^n  has  the  greatest  affinity  for  oxygen,  lead  next, 
and  gold  least.  This  conclusion  is  supported  by  concurring  observations 
of  a  like  nature,  and  confirmed  by  the  circumstances  under  which  the 
oxides  of  those  metals  part  with  their  oxygen.  The  oxide  of  gold  is 
reduced  by  heat  only ;  and  the  oxide  of  lead  is  decomposed  by  char- 
coal at  a  lower  temperature  than  the  oxide  of  iron. 

It  is  inferred  from  the  action  of  caloric  on  the  carbonates  of  potassa, 
baryta,  lime,  and  the  oxide  of  lead,  that  potassa  has  a  stronger  attrac- 
tion for  carbonic  acid  than  baryta,  bartya  than  lime,  and  lime  than  the 
oxide  of  lead.  The  affinity  of  different  substances  for  water  may  be 
determined  in  a  similar  manner. 

Of  all  chemical  substances,  our  knowledge  of  the  relative  degrees 
of  attraction  of  the  acids  and  alkalies  for  each  other  is  the  most  un- 
certain. Their  action  on  one  another  is  affected  by  so  many  cir- 
cumstances, that  it  is  in  most  cases  impossible,  with  certainty,  to  refer 
any  effect  to  its  real  cause.  The  only  methods  that  have  been  hither- 
to devised  for  remedying  this  defect  are  those  of  Berthollet  and  Kir- 
wan.  Both  of  them  are  founded  on'  the  capacities  of  saturation,  and 
the  objections  which  have  been  urged  to  the  rule  suggested  by  the 
first  philosopher,  apply  equally  to  that  proposed  by  the  second.  But 
this  uncertainty  is  of  no  great  consequence  in  practice.  We  know 
perfectly  the  order  of  decomposition,  whatever  may  be  the  actual 
forces  by  which  it  is  effected. 


SECTION  II. 

OJV  THE  PROP 0RTI0JV8  IJ\r  WHICH  BODIES  UJ)riTE, 
AJSTD  OJ>r  THE  LAWS  OF  COMBIJSTjiTIOJV. 

The  study  of  the  proportions  in  which  bodies  unite  naturally  re- 
solves itself  into  two  parts.  The  ^rst  includes  compounds  whose  ele- 
ments appear  to  unite  in  a  great  many  proportions  ;  the  second  com- 
prehends those ,  the  elements  of  which  combine  in  a  few  proportions 
only. 
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I.  The  compoands  contained  in  the  first  division  are  of  two  kinds. 
In  one,  comt^ination  takes  place  unlimitedly  in  all  proportions;  in  Che 
other,  it  occurs  in  every  proportion  within  a  certain  limit.  The  union 
of  water  with  alcohol  and  the  liquid  acids,  such  as  the  sulphuric, 
muriatic,  and  nitric  acids,  are  instances  of  the  first  mode  of  comhina- 
tioQ ;  the  solutions  of  salts  in  water  are  examples  of  the  second.  One 
drop  of  sulphuric  acid  may  be  diffused  through  a  gallon  of  water,  or  a 
drop  of  water  through  a  gallon  of  the  acid;  or  they  may  be  mixed  to- 
gether in  any  intermediate  proportions,  and  in  each  case  they  appear 
to  unite  perfectly  with  one  another.  A  hundred  grains  of  water,  on 
the  contrary,  will  dissolve  any  quantity  of  sea-salt  which  does  not  ex* 
ceed  forty  grains.  Its  dissolving  power  then  ceases,  because  the  co- 
hesion of  the  solid  becomes  comparatively  too  powerful  for  the  force 
of  affinity.  The  limit  to  combination  is  in  such  instances  owing  to 
the  cohesive  power ;  and  but  for  the  obstacle  which  it  occasions,  the 
salt  would  most  probably  unite  with  the  water  in  every  proportion. 

All  the  substances  that  unite  in  many  proportions,  gii^  rise  to  com- 
pounds which  have  this  common  character,  that  their  elements  are 
united  by  a  feeble  affinity,  and  preserve,  when  combined,  more  or  less 
of  the  properties  which  they  possess  in  «  separate  state.  In  a  scien- 
tific point  of  view,  these  combinations  are  of  minor  importance ;  but 
they  are  exceedingly  useful  as  instruments  of  research.  They  enable 
the  chemist  to  present  bodies  to  one  another,  under  the  most  favour- 
able circumstances  possible  for  acting  with  effect ;  the  liquid  form  is 
thus  communicated  to  them,  while  the  affinity  of  the  solvent  or 
menstruum,  which  holds  them  in  solution,  is  not  sufficiently  powerful 
to  interfere  with  their  attraction  for  one  another. 

II.  The  most  interesting  series  of  compounds  is  produced  by  sub- 
stances which  unite  in  a  few  proportions  only ;  and  which,  ip  com- 
bining, lose  more  or  less  completely  the  properties  that  distinguished 
them  when  separate.  Of  these  bodies,  some  form  but  one  combina- 
tion. Thus  there  is  only  one  compound  of  zinc  and  oxygen,  or  of 
chlorine  and  hydrogen.  Others  combine  in  two  proportions.  For 
example,  two  compounds  are  formed  by  copper  and  oxygen,  or  by 
hydrogen  and  oxygen.  Other  bodies  agam  unite  in  three,  four,  five,  or 
even  six  proportions,  which  is  the  greatest  number  of  compounds  that 
any  two  substances  are  known  to  produce,  excepting  those  which  be- 
long to  the  first  division. 

The  combination  of  substances  that  unite  in  a  few  proportions  only, 
is  regulated  by  three  remarkable  laws.  The  first  of  these  laws  is,  that 
the  composition  of  bodies  is  fixed  and  invariable ;  that  a  compound 
substance,  so  long  as  it  retains  its  characteristic  properties,  must  . 
always  consist  of  the  same  elements  united  together  in  the  same  pro- 
portion. Sulphuric  acid,  for  example,  is  always  composed  of  sulphur 
and  oxygen  in  the  ratio  of  16  parts*  of  the  former  to  24  of  the  latter; 
no  other  elements  can  form  it,  nor  can  its  own  elements  form  it  in  any 
other  proportion.  Water,  in  like  manner,  is  formed  of  1  part  of  hy- 
drogen and  8  of  oxygen ;  and  were  these  two  elements  to  unite  in  any 
other  proportion,  some  new  compound,  different  from  water,  would  be 
the  product.  The  same  observation  applies  to  all  other  substances, 
however  complicated,  and  at  whatever  period  they  were  produced. 
Thus,  sulphate  of  baryta,  whether  formed  ases  ago  by  the  hand  of 
nature,  or  quite  recently  by  the  operations  of  the  chemist,  is  always 
comppsed  of  40  parts  of  sulphuric  acid,  and  78  of  baryta.    This  law,  in 

*  By  the  expression  *  parts'  I  always  mean  parts  by  weight. 
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fact,  is  universal  and  permaneDt.  Its  importance  is  equally  manifest. 
It  is  the  essential  basis  of  chemistry,  without  which  the  science  itself 
could  have  no  existence. 

Two  views  have  been  proposed  by  way  of  accounting  for  this  law. 
The  explanation  now  universally  given  is  confined  to  a  mere  state- 
ment, that  substances  are  disposed  to  combine  in  those  proportions  to 
which  they  are  so  strictly  limited,  in  preference  to  any  others ;  it  is  re- 
garded as  an  uUimate  fact,  because  the  phenomena  are  explicable  on 
DO  other  known  principle.  A  different  doctrine  was  advanced  by  the 
celebrated  Berthollet  in  his  Statique  Chimique,  published  in  1803. 
Having  observed  the  influence  of  cohesion  and  elasticity  in  modifying 
the  action  of  affinity  as  already  described,  he  thought  he  could  trace 
tiie  operations  of  the  same  cause  in  producing  the  effect  at  present 
under  consideration.  Findinjg  that  the  solubility  of  a  salt  and  of  a  gas 
in  water  is  limited,  in  the  first  by  cohesion,  and  in  the  second  by 
elasticity,  he  conceived  that  the  same  force  would  account  for  the  un-  ~ 
changeable  composition  of  certain  compounds.  He  maintained,  there- 
fore, that  within  certain  limits  bodies  have  a  tendency  to  unite  in 
every  proportion ;  and  that  combination  is  never  definite  and  invari- 
able, except  when  rendered  so  by  the  operation  of  modifying  causes, 
such  as  cohesion,  insolubility,  elasticity,  quantity  of  matter,  and  the 
like.  Thus,  according  to  .Berthollet,  sulphate  of  baryta  is  composed 
of  40  parts,  of  sulphuric  acid  and  78  of  baryta,  not  because  those  sub- 
stances are  disposed  to  unite  in  that  ratio  rather  than  in  another,  but 
because  the  compound  so  constituted  happens  to  have  great  cohesive 
power. 

These  opinions  which,  if  true,  would  shake  the  whole  science  of 
chemistry  to  its  foundation,  were  founded  on  observation  and  experi- 
ment, supported  by  all  the  ingenuity  of  that  highly  gifted  philosopher. 
They  were  ablv  and  successfully,  combated  by  Proust,  in  several  papers 
published  in  the  Journal  de  Physique,  wherein  he  proved  that  the 
metals  are  disposed  to  combine  with  oxygen  and  with  sulphur  only  in 
one  or  two  proportions,  which  are  de^nite  and  invariable.  The  con- 
troversy which  ensued  between  these  eminent  chemists  on  that  oc- 
casion, is  remarkable  for  the  moderation  with  which  it  is  conducted 
on  both  sides,  and  has  been  properly  quoted  by  Berzellus  as  a  model 
for  all  future  controversialists.  How  much  soever  opinion  may  have 
been  divided  upon  this  important  question  at  that  period,  the  dispute 
is  now  at  an  end.  The  infinite  variety  of  new  facts,  similar  to  those 
observed  by  Proust,  which  have  since  been  established,  has  proved 
beyond  a  doubt  that  the  leading  principle  of  Berthollet  is  quite  erro- 
neous. The  tendency  of  bodies  to  unite  in  definite  proportions  only, 
is  indeed  so  great  as  to  excite  a  suspieion  that  all  substances  combine 
in  this  way ;  and  that  the  exceptions  thought  to  be  afforded  by  the 
phenomena  of  solution,  are  rather  apparent  than  real ;  for  it  is  con- 
'  ceivable  that  the  apparent  variety  of  proportion  noticed  in  such  cases 
may  arise  from  the  mixture  of  a  few  definite  compounds  with  each 
other. 

The  second  law  of  combination  is  still  more  remarkable  than  the 
first.  It  has  given  plausibility  to  an  ingenious  hypothesis  concerning 
the  ultimate  particles  of  matter,  called  the  atomic  theory.  The  law 
itself,  however,  contains  nothing  hypothetical,  being  the  pure  expres- 
sion of  a  fact,  first  noticed  by  Mr.  Dalton,  and  subsequently  confirm- 
ed by  many  other  chemists.  Its  nature  will  be  at  once  understood  by 
a  simple  perusal  of  the  following  table  :^ 
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Water  is  composed  of           .  Hydrogeo  1  .  Oxygen  8 

Deutozide  of  Hydrogen        .        Do.  1  .  Do.  16 

Carbonic  Oxide       ....  Carbon  6  .  Do.     8 

Carbonic  Acid Do.  6  .  Do.  Id 

Nitrous  Oxide Nitrogen  14  .  Do.    8 

Nitric  Oxide Do.  14  .  Do.  Id 

Hyponitrous  Acid        .    .    •        Do.  14  .  Do.  24 

Nitrous  Acid Do.  14  .  Do.  32 

Nitric  Acid         Do.  14  .  Do.  40 

Now  it  will  be  perceived,  that  in  all  these  compounds  the  numbers 
denoting  the  oxygeu,  which  is  attached  to  a  given  weight  of  the  same 
substance,  bear  a  very  simple  ratio  to  one  another.  The  deutoxide  of 
hydrogen  contains  just  twice  as  much  oxyeen  as  water  does.  The 
oxygen  in  carbonic  acid  is  double  that  of  caroonic  oxide.  The  oxygen 
in  the  compounds  of  nitrogen  and  oxygen  is  in  the  ratio  of  1,  2,  3,  4, 
and  5.  So  obvious  indeed  is  this  law,  that  it  is  observed  at  once  on 
comparing  together  the  results  of  a  few  accurate  analyses;  and  the. 
only  subject  of  surprise  is,  that  it  was  not  discovered  before.  It  is  by 
no  means  confined  to  the  compounds  of  combustibles  with  oxygen. 
Thus  the  sulphur  in  the  two  sulphurets  of  mercury,  the  chlorine  in  the 
two  chlorides  of  mercury,  are  as  1  to  2.  It  extends  also  to  the  salts. 
The  bicarbonate  of  potassa,  for  example,  *contains~twiee  as  much  car- 
bonic acid  as  the  carbonate ;  and  the  oxalic  acid  of  the  three  oxalates 
of  potassa  is  in  the  ratio  of  1,  2,  and  4.  We  must  regard  it  therefore 
as  a  law  which  regulates  the  union  of  bodies,  and  the  enunciation  of 
which  may  be  stated  in  the  following  terms.  When  two  substances, 
A  and  B,  unite  chemically  in  two  or  more  proportions,  the  numbers 
representing  the  quantities  of  B  combined  with  the  same  quantity  of 
A  are  in  the  ratio  of  1,  2,  3,  4,  &c ;  that  is,  they  are  multiples  by  some 
whole  number  of  the  smallest  quantity  of  B  with  which  A  can  unite. 
Thus,  if  A+B  is  the  first  compound,  the  others  will  be  A-f*2  B,  or  A+ 
8  B,  or  A  with  some  similar  multiple  of  B.  This  law  is  often  called 
the  law  of  multiples,  or  of  combination  in  multiple propartiofu. 

That  the  elements  of  compounds  are  very  generally  arranged  ac- 
cording to  the  law  of  multiples,  does  not  admit  of  the  least  question ; 
but  in  the  present  state  of  chemical  science,  we  are  not  prepared  to 
say  that  it  is  altogether  uniyersal.  Instances  are  not  unfrequently 
met  with,  where  a  slight  deviation  from  the  law  appears  to  occur. 
The  three  oxides  of  lead,  for  instance,  are  thus  constituted  : — 

Lead,  Oxygen. 

Protoxide  .  .  104  .8 

Deutoxide         .  .  104  .  12 

Peroxide  .  .  104  .  16 

In  these  compounds  the  oxygen  is  as  1 : 1 J :  2 ;  and  the  oxides 
of  manganese  afford  a  similar  example.  The  oxides  of  iron  are  com- 
posed as  follows : — 

A-^n. .  Oxygen. 

Protoxide  .  .  28-  .  8 

Peroxide  .  .  28  .12 

in  which  the  ratio  of  the  oxygen  is  as  1  to  1}  or  as  2  to  8.  The 
oxygen  of  the  arsenious  and  arsenic  acids,  according  to  Berzelius,  is 
as  3  to  6.  It  is  obvious  that  these  deviations  from  the  law  of  multi- 
ples may  perhaps  be  rather  apparent  than  real.  It  is  possible,  for  ex- 
ample, that  the  deutoxide  of  lead  may  be  a  compound  of  the  protoxide 
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and  peroxide  of  lead  with  each  other,  and  therefore  ought  not  to  be 
enumerated  among  the  oxides  of  that  metal.  It  is  also  possible  that 
the  anomaly  is  frequently  owin^  to  our  ignorance  of  compounds  which 
may  hereafter  be  discovered.  Thus  the  discovery  of  an  oxide  of  lead 
consisting  of  104  parts  of  metal  to  4  parts  of  oxygen,  would  render 
this  series  of  compounds  conformable  to  the  usual  law  of  combination. 
But  leaving  these  points  to  be  decided  by  future  observation,  and 
taking  facts  as  they  are,  we  may  state  that  bodies  combine  either 
strictly  according  to  the  law  of.  multiple  proportion  as  first  stated,  or 
according  to  the  slight  deviation  from  that  law  as  illustrated  in  the 
preceding  examples.  In  either  case  this  law  of  combination  is  exceed- 
ingly simple. 

The  third  law  of  combination  is  intimately  connected  with  the  pre- 
ceding, and  is  not  less  remarkable.  Its  existence, and  nature  will  at 
once  appear  on  a  comparison  of  the  relative  quantities  of  different 
bodies,  which  combine  together.  Thus  8  parts  of  oxygen  unite  with 
1  part  of  hydrogen,  16  of  sulphur,  36  of  chlorine,  40  of  selenium,  and 
110  parts  of  silver.  Such  are  the  quantities  of  these  five  bodies  which 
are  disposed  to  unite  with  8  parts  of  oxygen  ;  and  it  is  found  that  when 
they  combine  with  one  another,  they  unite  either  in  the  proportions 
expressed  by  those  numbers,  or  in  multiples  of  them  according  to  the 
law  already  explained.  Thus  sulphuretted  hydrogen  is  composed  of 
1  part  of  hydrogen  and  16  of  sulphur,  and  bisulphuretted  hydrogen 
of  1  part  of  hydrogen  to  32  of  sulphur;  36  of  chlorine  unite  with  1  of 
hydrogen,  16  of  sulphur,  and  110  of  silver;  and  40  parts  of  selenium 
with  1  of  hydrogen,  and  16  of  sulphur. 

It  is  manifest,  from  these  examples,  that  bodies  unite  according  to 
proportional  numbers ;  and  hence  has  arisen  the  use  of  certain  terms, 
auch  as  Proportion,  Combining  Proportion,  Proportional,  or  Equiva- 
lent, to  express  them.  Thus  the  combining  proportions  of  the  sub- 
stances just  alluded  to  are 

Hydrogen  .  .  .  1' 

Oxygen  ...  8 

Sulphur  .  .  .16 

Chlorine  ...  86 

Selenium  ...  '40 

Silver  .  .  .110 

The  most  common  kind  of  combination  is  one  proportion  of  one 
body  either  with  one  or  with  two  proportions  of  another.  Combina- 
tions of  one  to  three,  or  one  to  four,  are  very  uncommon,  unless  the 
more  simple  compounds  likewise  exist.  Ammonia,  however,  is  a^ 
singular  instance  of  the  reverse.  It  is  composed  of  14  parts  of  nitro- 
gen, and  8  of  hydrogen.  Now  14  being  the  precise  quantity  of  nitro- 
gen that  unites  with  8  of  oxygen,  is  considered  as  one  proportion  of 
nitrogen,  and  this  quantity  is  combined  in  ammonia  with  three  pro- 
portionals of  hydrogen.  No  compound  of  nitrogen  and  hydrogen  in  any 
other  proportion  has  as  yet  been  discovered.  In  some  cases  it  ap- 
pears that  bodies  unite  in  the  ratio  of  two  equivalents  of  one  body  to 
three  or  five  equivalents  of  the  other.  There  is  good  reason  to  be- 
lieve that  the  hyposulphuric  acid  is  constituted  in  this  manner ;  and 
Berzelius  is  of  opinion  that  this  kind  of  arrangement  is  by  no  means 
unfrequent. 

But  this  law  does  not  apply  to  elementary  substances  only,  since 
compound  bodies  have  their  combining  proportions  which  may  like- 
wise be  expressed  in  numbers.  Thus  since  water  is  composed  of  one 
proportion  or  8  parts  of  oxygen,  and  one  proportion  or  1  of  hydrogen, 
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its  combtning  proportion  or  equivalent  is  9.  The  proportional  of  sul- 
pliaric  acid  is'40,  because  it  is  a  compound  of  one  proportion  or  16  of 
sulphur,  and  three  proportions  or  24  of^xygen ;  and  in  like  manner, 
the  combining  proportion  of  muriatic  adre  is  37,  l>ecause  it  is  a  com* 
pound  of  one  proportion  or  36  of  chlorine,  and  one  proportion  or  1  of 
hydrogen.  The  equivalent  number  of  potassium  is  40,  and  as  that 
quantity  combines  with  8  of  oxygen  to  form  potassa,  the  comluning 
proportion  of  potassa  ia  48.  Now  when  these  compounds  unite,  one 
proportion' of  the  one  combines  with  one,  two,  three,  or  more  propor- 
tions of  the  other,  precisely  as  the  simple  substances  do.  The  hy- 
drate of  potassa,  for  example,  is  constituted  of  48  parts  of  potassa  and 
9  of  water,  and  its  combining  proportion  is  consequently  48+9,  or  67. 
The  sulphate  of  potasss^  is  composed  of  40  sulphuric  acid+48  potassa ; 
and  the  muriafe  of  the  same  alkali  of  37  muriatic  acld+48  potas- 
sa. The  combining  proportion  of  the  former  salt  is  therefore  88,  and 
of  the  latter  86. 

The  composition  of  the  salts  affords  a  very  neat  illustration  of  this 
subject ;  and  to  exemplify  it  still  further,  I  subjoin  a  list  of  the  pro- 
portional numbers  of  a  few  acids  and  alkaline  bases. 


Hydrofluoric  Add 

19.86 

Lilhia 

18 

Phosphoric  Acid 

86.71 

Magnesia 

20 

Muriatic  Acid 

37 

Lime 

28 

Sulphuric  Acid 

40 

Soda 

32 

Nitric  Acid 

64 

Potassa 

48 

Arsenic  Acid 

68 

StroDtia 

62 

Baryta 

78 

It  will  be  seen  at  a  glance,  that  the  neutralizing  power  of  the  difier- 
ent  alkalies^  very  dineient ;  for  the  proportion  of  each  base  express- 
es the  precise  quantity  required  to  neutralize  a  proportion  of  each  of 
the  acids.  Thus  18  of  lithia,  32  of  soda,  and  78  of  baryta,  combine 
with  19.86  of  hydrofluoric  acid,  forming  the  neutral  hydrofluates  of 
lithia,  soda  and  baryta.  The  same  fact  is  obvious  with  respect  to  the 
acids ;  for  86.71  of  phosphoric,  40  of  sulphuric,  and  68  of  arsenic  acid 
unite  with  28  of  lime,  forming  a  neutral  phosphate,  sulphate  and  ar- 
'  seniate  of  lime. 

*  These  circumstances  afford  a  ready  explanation  of  a  curious  fiict> 
iirst  noticed  by  the  Saxon  chemist  Wenzel ; — when  two  neutral  salts 
mutually  decompose  one  another,  the  resulting  compounds  are  like- 
wise neutfol.  The  cause  of  this  fact  is  now  obvious.  If  88  parts  of 
neutral  sulphate  of  pbtassa  are  mixed  with  132  of  the  nitrate  of  baryta, 
the  78  parts  of  baryta  unite  with  the  40  of  sulphuric  acid,  and  the  64 
parts  of  nitric  acid  of  the  nitrate  combine  with  the  48  of  potassa  of  the 
sulphate,  not  a  particle  of  acid  or  alkali  remaining  in  an  uncombined 
condition. 

Sulphate  of  Potassa,  ^Nitrate  of  Baryta . 

Sulphuric  acid        40  64  Nitric  acid 

Potassa  .        48  78  Baryta 

88  132 

It  matters  not  whether  more  or.  less  than  88  parts  of  sulphate  of  po- 
tassa are  added  ;  for  if  more,  a  small  quantity  of  sulphate  of  potassa 
will  remain  in  solution  ;  if  less,  nitrate  of  baryta  will  be  in  excess ;  but 
in  either  case  the  neutrality  will  be  unaffected. 

The  utility  of  being  acquainted  with  these  important  laws  is  almost 
too  manifest  to  require  mention.    Through  their  aid,  and  by  remem- 
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bering  the  proportionvl  numbers  of  a  few  elementaiy  substances,  the 
composition  of  an  extensive  range  of  compound  bodies  may  be  calcu- 
lated with  facility.  By  knowing  that  6  is  the  combining  proportion  of 
carbon  and  8  of  oxygen,  it  iMasy  to  recollect  the  composition  of  car* 
bonic  oxide  and  carbonic  acid  ;  the  first  consisting  of  6  parts  of  carbon 
-f-8  of  oxygen,  and  the  second  of  6  carbon+16  oxygen.  40  is  the 
equivalent  of  potassium,  and  potassa  being  its  protoxide,  is  composed 
of  40  potassium+S  oxygen.  Froip  these  few  data,  we  know  at  once 
the  composition  of  the  carbonate  and  bicarbonate  of  pofdssar  The 
first  is  composed  of  22  carbonic  acid+48  potassa ;  the  second  of  44 
carbonic  acid4-48  potassa.  This  knowledge  is  retained  with  very 
lijttle  effort  of  the  memory  ;  and  the  assistance  derived  from  the  method 
will  be  manifest  on  comparing  it  with  the  common  practice  of  stating 
the  composition  in  100  parts. 

Carbonic  Oxide.  Carbonic  Jidfi, 

Carbon  42.86  ....    27.27 

Oxygen  57.14  ....    72.73 

Carbonate  of  Potassa,  Bicarbonate  of  Potassa, 

Carbonic  acid  81.43         ....    47.83 
Potassa    .       68.57         ....    52.17 

From  the  same  data,  calculations,  which  would  otherwise  be  difficult 
or  tedious,  may  be  made  rapfdly  and  with  ease,  without  reference  to 
books,  and  frequently  by  a  simple  mental  process.  The  exact  quan- 
tities of  substances  required  to  produce  a  given  effect  may  be  deter- 
mined with  certainty,  thus  affording  information  which  isoften  neces- 
sary to  the  success  of  chemical  processes,  and  of  great  consequence 
both  in  the  practice  of  the  chemical  arts,  and  in  the  operations  of  phar- 
macy. 

The  same  knowledge  affords  a  good  test  to  the  analyst  by  which  he 
may  judge  of  the  accuracy  of  his  result,  and  even  sometimes  correct 
an  analysis  which  he  has  not  the  means  of  performing  with  rigid  pre- 
cision. Thus  a  powerful  argument  for  {he  accuracy  of  an  analysis  is 
derived  from  the  correspondence  of  its  result  with  the  laws  of  chemical 
union.  On  the  contrary,  if  it  form  an  exception  to  them,  we  are  au- 
thorized to  regard  it  as  doubtful,  and  may  hence  be  led  to  detect  an 
error,  the  existence  of  which  might  not  otherwise  have  been  suspected. 
If  an  oxidized  body  is  found  to  contain  one  proportion  of  the  com- 
bustible with  7.^9  of  oxygen,  it  is  fair  to  infer  that  8,  or  one  propor- 
tion 6f  oxygen  would  have  been  the  result,  had  the  analysis  been 
perfect. 

The  composition  of  a  substance  may  sometimes  be  determined  by 
a  calculation  founded  on  the  laws  of  chemical  union  before  an  analysis 
of  it  has  been  accomplished.  When  the  new  alkali  lithia  was  first  dis- 
covered, chemists  did  not  possess  it  in  sufficient  quantity  for  deter- 
mining its  constitution  analytically.  But  the  neutral  sulphates  of  the 
alkalies  and  earths  are  known  to  be  composed  of  one  proportion  of 
each  constituent,  and  the  oxides  to  contain  one  proportion  of  oxygen. 
If  it  be  found,  therefore,  by  analysis,  that  the  neutral  sulphate  of 
lithia  is  composed  of  40  pafts  of  sulphuric  acid  and  18  of  lithia,  it  may 
be  inferred,  since  40  is  ene  proportion  of  the  acid,  that  18  is  the  equi- 
valent for  lithia,  and  that  the  oxide  is  formed  of  8  parts  of  oxygen  and 
10  of  lithium. 

The  method  of  determining  the  proportional  numbers  will  be  antici^ 

Eated  from  what  has  alrAdy  been  said.    The  commencement  is  made 
y  carefully  analyzing  a  definite  compound  of  two  simple  substances 
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which  possess  an  extensive  range  of  affinity.  No  (wo  bodies  are 
better  adapted  for  this  purpose  than  oxygen  and  hydrogen,  and  that 
compound  is  selected  which  contains  the  smallest  quantity  of  oxygen. 
Water  is  such  a  substance,  and  it  is  theG#Dre  regarded  as  a  compound 
of  one  proportion  of  oxygen  to  one  proportion  of  hydrogen.  But 
analysis  proves  that  it  is  composed  of  8  parts  of  the  former  to  one  of  the 
latter,  and  therefore  the  equivalent  of  oxygen  is  eight  times  as  heavy  as 
that  of  hydrogen. 

Some  compounds  are  next  examined,  which  contain  the  smallest 
proportion  of  oxygen  or  hydrogen  in  combination  with  some  other 
substance.  Carbonic  oxide  with'' respect  to  carbon,  and  sulphuretted 
hydrogen  with  respect  to  sulphur,  answer  this  description  perfectly. 
The  former  consists  of  8  parts  of  oxygen  and  6  of  carbon  ;  the  lat- 
ter of  1  part  of  hydrogen  and  16  of  sulphur.  The  proportional  num- 
ber of  carbon  is  consequently  6,  and  of  sulphur  IQ.  The  proportion- 
als of  all  other  bodies  may  be  determined  in  the  same  manner. 

Since  the  proportional  numbers  merely  express  the  relative  quanti- 
ties of  different  substances  which  combine  together,  it  is  in  itself  im- 
material what  figures  are  employed  to  express  them.  The  only  es- 
sential point  is,  that  the  relation  should  be  strictly  observed.  Thus, 
we  may  make  the  combining  proportion  of  hydrogen  10  if  we  please ; 
but  then  oxygen  must  be  80,  carbon  60,  and  sulphur  160.  We  may 
call  hydrogen  100  or  1000,  or,  if  it  were  desirable  to  perplex  the  sub- 
ject as  much  as  possible,  some  high  uneven  number  might  be  select- 
ed, provided  the  d«e  relation  between  the  different  numbers  is  faith- 
fully preserved.  But  such  a  practice  would  effectualljr  do  away  with 
.the  advantage  I  have  ascribed  to  the  use  of  the  proportional  numbers, 
and  hence  it  b  the  object  of  every  one  to  employ  such  simple  ones, 
that  their  relation  may  be  perceived  by  mere  inspection.  As  the 
opinion  of  different  chemists  concerning  the  simplicity  of  numbers  is 
somewhat  at  variance,  we  possess  several  series  of  them.  Dr  Thom- 
son, for  example,  makes  oxygen  1,  so  that  hydrogen  is  eight  times  less 
than  unity,  or  0.125,  carbon  0.75,  and  sulphur  2.  •  Dr  Wollaston,  in 
his  scale  of  chemical  equivalents,  fixes  oxygen  at  10,  by  which  by- 
drogeti  is  1.25,  carbon  7.5,  and  so  on.  According  to  Berzelius,  oxy- 
gen is  100.  And  lastly^  several  other  chemists,  such  as.  Dalton,  Davy, 
Heniy,  and  others,  call  hydrogen  unity,  and  therefore  oxygen  8. 
One  of  these  series  may  easily  be  reduced  to  either  of  the  others  by 
an  obvious  and  simple  arithmetical  process ;  and  excepting  that  of 
Berzelius,  whose  numbersfare  inconveniently  high  for  practice,  it  is 
not  very  material  to  which  of  them  the  preference  is  given.  I  have 
myself  adopted  the  last,  because,  as  it  rarely  contains  fractional  parts, 
it  appears  best  adapted  to  the  purpose  of  teaching. 

On  the  Atomic  Theory  of  Mr  Dalton. 

The  brief  sketch  which  has  been  given  of  the  laws  of  combination 
will,  I  trust,  serve  to  set  the  importance  of  this  department  of  chemical 
science  in  its  true  light.  It  is  founded,  as  will  have  been  seen,  on 
experiment  alone,  and  the  laws  which  have  been  stated  are  the  pure 
expression  of  fact.  It  is  not  necessarily  connected  with  any  specula- 
tion, and  may  be  kept  wholly  free  from  it. 

It  is  not  uncommon  for  persons  commencing  the  study  of  chemistry 
to  entertain  a  vague  notion  that  this  department  of  the  science  com- 
prehends something  uncertain  and  hypothetical  in  its  nature,  and  to- 
be  thus  led  to  form  an  erroneous  idea  of  its  importance.  This  misap- 
prehension may  easily  be  traced  to  its  source.  It  was  impossible  to 
Li 
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reflect  on  the  regularity  and  constancy  wftb  which  l^odiea  obey  the 
laws  of  combination,  without  speculating  about  the  cause  of  that  re- 
gularity; and  consequently,  the  facts  themselves  were  no  sooner  do* 
ticed,  than  an  attempt  wsiftmade  to  explain  them.  Accordingly, 
when  Mr  Dalton  published  his  discovery  of  those  laws,  he  at  once  in« 
corporated  the  description  of  them  with  his  notion  of  their  physical' 
cause ;  and  even  expressed  the  former  in  language  sujggested  by  'the 
latter.  Since  that  period,  though  several  British  chemists  of  emi- 
nence, and  in  particular  Dr  Wollaston  and  Sir  H.  Davy,  have  recom- 
mended and  practised  an  opposite  course,  both  subjects  have  been  but 
too  commonly  comprised  under  the  name  of  atomic  theory ;  and  hence 
it  has  often  happened  that  beginners  have  rejected  the  whole  as  hy- 
pothetical, because  they  could  not  satisfactorily  distinguish  those 
parts  that  are  founded  on  fact,  from  those  whicb  are  conjectural.  All 
such  perplexity  would  have  been  avoided,  and  this  department  of  the 
science  have  been  far  better  understood,  and  its  value  more  justly  ap- 
preciated, had  the  discussion  concerning  the  atomic  constitution  of 
bodieis  been  always  kept  distinct  from  what  it  is  intended  to  explain. 
When  employed  in  this  limited  sense,  the  atomic  theory  may  be  dis- 
cussed in  a  few  words. 

Two  opposite  opinions  have  long  existed  concerning  the  ultimate 
elements  of  matter.  It  is  supposed,  according  to  one  party,  that 
every  particle  of  matter,  however  ..small,  may  be  divided  into  smaller 
portions,  provided  our  instruments  and  oreans  were  adapted  to  the 
operation.  Their  opponents  contend,  on  tne  other  hand,  that  matter 
is  composed  of  certain  atoms  which  are  of  such  a  nature  as  not  to 
admit  of  division.  These  opposite  opinions  have  from  time  to  time 
been  keenly  contested,  and  with  variable  success,  according  to  the 
acuteness  and  ingenuity  of  their  respective  champions.  But  it  was  at 
last  perceived  that  no  positive  data  existed  capable  of  deciding  the 
question,  and  its  interest  therefore  gradually  declined.  The  progress 
of  modern  chemistry  has  revived  the  general  attention  to  this  contro- 
versy, by  affording  a  far  stronger  argument  in  favour  of  the  atomic 
constitution  of  bodies  than  was  ever  advanced  before,  and  which  I 
conceive  is  almost  irresistible.  We  have  only  in  fact  to  assume  with 
Mr  Dalton,  that  all  bodies  are  composed  of  ultimate  atoms,  tbe 
weight  of  which  is  different  in  different  kinds  of  matter,  and  we  ex- 
plain at  once  the  foregoing  laws  of  chemical  union.  The  phenomena 
do  not  appear  explicable  on  any  other  supposition. 

According  to  the  atomic  theory  every  compound  is  formed  of  the 
atoms  of  iU  constituents.  An  atom  of  A  may  unite  with  1,  2,  8,  or 
more  atoms  of  B.  Thus,  supposing  water  to  be  composed  of  one 
atom  of  hydrogen  and  one  atom  of  oxygen,  the  deutoxide  of  hydrogen 
will  consist  of  one  atom  of  hydrogen  to  two  atoms  of  oxygen.  If  car- 
bonic oxide  is  formed  of  one  atom  of  carbon  and  one  atdm  of  oxygen, 
carbonic  acid  will  consist  of  one  atom  of  carbon  to  two  atoms  of  oxy- 
gen. If  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  page 
117,  the  first  or  protoxide  is  constituted  of  one  atom  of  nitrogen  to 
one  atom  of  oxygen,  the  four  others  will  be  regarded  as  compounds  of 
one  atom  of  nitrogen  to  2,  3,  4,  and  5  atoms  of  oxygen.  From  these 
instances  it  will  appear,  that  the  law  of  multiple  proportion  is  a 
necessary  consequence  of  the  atomic  theory.  There  is  also  no  ap- 
parent reason  why  two  or  more  atoms  of  one  substance  may  not 
combine  with  2,  8,  4,  6,  or  more  atoms  of  another.  Such  combina- 
tions will  account  for  the  complicated  projJortion  noticed  in  some 
compounds,  especially  in  many  of  those  belonging  to  the  animal  and 
vegetoble  kti^oms. 
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Id  consequeoce  of  th«  veiy  complete  eiplaoatioD  which  the  laws 
of  chemical  onioo  receivo  by  means  of  the  atomic  theory,  it  has  be- 
come customary  to  employ  the  term  atem  in  the  same  sense  as  com- 
bining proportion  or  equivalent.  For  example,  instead  of  saying  water 
is  composed  of  one  equivalent  of  oxygen  and  one  equivalent  of  hy- 
drogen, it  is  said  to  consist  of  one  atom  of  each  element.  In  like 
manner  sulphate  of  potassa  is  formed  of  on^  equivalent  or  one  atom 
of  sulphuric  acid  and  one  atom  of  potassa,  the  word  In  this  case 
denoting  as  it  "were  a  compound  atom,  that  is,  the  smallest  integral 
particle  of  the  acid  or  alkali ;  such  a  particle,  which  does  not  admit  of 
being  divided,  except  by  the  separation  of  its  elementary  or  consti- 
tuent atoms.  The  numbers  expressing  the  proportions  in  which 
bodies  unite,  must  likewise  indicate,  consistently  with  this  view,  the 
relative  weiehts  of  atoms ;  and  accordingly  these  numbers  are  often 
rallied  atomic  weights.  Thus  as  water  is  composed  of  eight  parts  of  - 
oxygen  and  one  of  hydrogen,  it  follows,  on  the  supposition  of  water 
consisting  of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  as  heavy  as  an  atom  of  hydrogen.  If  carbonic  oxide 
is  formed  of  an.  atom  of  carbon  and  an  atom  of  oxygen,  the  relative 
weights  of  their  atoms  are  as  6  to  8  ;  and  in  short  the  relative  weiehts 
of  the  atoms  of  all  other  bodies  are  expressed  by  the  numbers  which 
denote  their  combining  proportions. 

ThougH  the  phenomena  of  chemical  combination  leave  little  doubt 
of  the  atomic  constitution  of  matter,  other  powerful  arguments  may 
DOW  be  adduced  in  favour  of  this  theory.  Dr  Wollastoo,  in  his  Essay 
on  the  Finite  Extent  of  the  Atmosphere,  (Philos.  Trans,  for  1822) 
has  supported  this  doctrine  on  a  new  and  independent  principle,  the 
pftfticulars  of  which  will  be  stated  in  the  section  on  nitrogen. 
Another  arguments  which  amounts  almost  to  demonstration,  is  de- 
ducible  from  the  peculiar  connection  noticed  by  Professor  Mitscherlich 
between  the  form  and  composition  of  certain  substances,  a  subject 
which  will  be  discussed  under  the  head  of  crystallization. 

But  in  adopting  the  notion  that  matter  is  composed  of  ultimate  in- 
dividual particles,  I  am  by  no  means  satisfied  of  the  propriety  of  ex- 
pressing the  fact!  of  the  science  in  language  founded  on  this  theory ; 
t)ecause  though  the  elements  of  bodies  be  arranged  atomically,  we  have 
no  certain  method  of  ascertaining,  in  the  present  state  of  chemistry, 
how  many  atoms  are  contained  in  any  compound.    This  difficulty  is 

Sarticularly  felt  with  respect  to  those  series  of  compounds  in  which 
alf  a  proportion  occurs ;  for  as  the  idea  of  half  an  atom  is  inconsistent 
with  the  atomic  theofy,  such  an  arrangement  of  the  atoms  must  be 
imagined,  as  shall  ayoid  the  occurrence  of  a  fraction.  The  mode  of 
accomplishing  this  object  may  be  exemplified  in  reference  to  the  ox- 
ides of  lead  and  iron,  the  constituents  of  which  were  mentioned  on  a 
former  occasion,  (paee  117.)  The  oxides*  of  lead  may  either  be  re- 
garded as  composed,  the  protoxide  of  one  atom  of  lead  to  one  atom  of 
oxygen,  the  deutoxide  of  two  atoms  of  lead  to  three  atoms  of  oxygen, 
and  the  peroxide  of  one  atom  of  lead  to  two  atoms  of  oxygen ;  or  they 
may  be  viewed  as  compounds,  the  protoxide  of  one  atom  of  lead  to 
two  atoms  of  oxygen,  the  deutoxide  of  one  atom  of  lead  to  three  atoms 
of  oxygen,  and  the  peroxide  of  one  atom  of  lead  to  four  atoms  of  oxy- 
gen. In  like  manner  the  oxid^  of  iron  are  either  composed,  the 
protoxide  of  one  atom  of  iron  and  one  atom  of  oxygen,  and  the 
peroxide  of  two  atoms  of  iron  to  three  atoms  of  oxygen ;  or  the  prot- 
oxide of  one  atom  of  iron  to  two  atoms  of  j)xygen,  and  the  peroxide  of 
one  atom  of  iron  to  three  atoms  of  oxygen.  The  uncertainty  attend- 
io£  UVB^e  atomic  speculatipqs  cannot  be  more  f9rcibly  eyuftced  than  by 
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the  fact,  that  Berzelius  two  or  three  years  ago  regarded  all  the  stroDg- 
er  bases,  such  as  the  alkalies,  alkaline  earttis,  and  the  protoxides  of 
several  of  the  common  metals,  as  composed  of  one  atom  of  metal  and 
two  atoms  of  oxygen  ;  but  that  he  has  suddenly  abandoned  this  view, 
and  now  believes  the  very  same  substances  to  contain  one  atom  of 
metal  and  one  atom  of  oxygen.  Such  sudden  changes  cannot  take 
place  without  producing  material  confusion ;  and  tend  to  show  that 
the  science  is  not  yet  so  far  advanced  as  to  admit  of  the  atomic  con- 
stitution of  bodies  being  settled  on  permanent  principles.  Until  the 
period  when  this  desirable  object  may  be  accomplished,  it  is  to  be 
hoped  that  chemists  will  persevere  in  the  practice,  which  is  now  uni- 
versal in  Britain,  and  adopted  by  several  distinguished  philosophers 
on  the  continent,  of  stating  the  combining  proportions  of  bodies  as 
nearly  as  possible  in  the  way  supplied  by  analysis,  instead  of  doubling 
some  numbers  and  halving  others  to  make  them  confornMible  to  some 
favourite  hypothesis  of  the  moment. 

Mr  Dalton  supposes  that  the  atoms  of  bodies  are  spherical,  and  has 
invented  certain  symbols  to  represent  the  mode  in  which  he  conceives 
they  may  combine  together,  as  illustrated  by  the  following  figures. 

O  Hydogen.  O  Oxygen. 

0  Nitrogen.  0  Carbon. 

Binary  Compounds. 

O  O  Water. 

O   #  Carbonic  oxide. 

Ternary  Compounds* 
O   O  O  Deutoxide  of  hydrogen. 
O   #   O  Carbonic  acid. 
&c.  &c.  &e. 

All  substances  containing  only  two  atoms  he  called  binary  cott* 
pounds,  those  composed  of  three  atoms  ternary  compounds,  of  four, 
quaternary,  and  so  on. 

There  are  several  questions  relative  to  the  nature  of  atoms,  most  ot 
which  will  perhaps  never  be  decided.  Of  this  nature  are  the  questions 
which  relate  to  the  actual  form,  size,  and  weight  of  atoms,  and  to  the 
circumstances  in  which  they  mutually  differ.  All  that  we  know  with 
any  certainty  is,  that  their  weights  do  differ,  and  by  exact  analysis 
the  relations  between  them  may  be  determine^ 

It  is  but  justice  to  the  memory  of  the  late  Mr  Higgins  of  Dublio, 
to  state  that  he  first  made  use  of  the  atomic  hypothesis  m  chemical 
reasonings.  In  his  "  Comparative  View  of  the  phlogistic  and  anti- 
phlogistic theories,"  published  in  the  year  1789*,  he  observes  (page? 
86  and  37)  that  *'  in  volatile  vitriolic  acid,  a  single  ultimate  particfo 
of  sulphur  is  intimately  united  only  to  a  single  particle  of  dephlosisti- 
cated  air;  and  that,  in  perfect  vitriolic  acid,  every  single  particle  of 
sulphur  is  united  to  two  of  dephlogisticated  air,  being  the  quantity 
necessary  to  saturation ;"  an()  he  reasons  In  the  same  way  concerning 
the  constitution  of  water  and  the  compounds  of  nitrogen  and  oxygen. 
These  remarks  of  Mr  Higgins  do  not  appear  to  have  had  the  slightest 
connection  with  the  subsequent  views  of  Mr  Datton.  Indeed  from 
facts  which  have  come  to  my  knowledge  relating  to  the  histoiy  of  Mr 
Dalton's  discovery^  I  am  satisfied  that  this  philosopher  had  not  seen 
the  work  of  Mr  Higgins  till  after  he  had  given  an  account  of  his  own 
doctrine.  The  observations  of  Mr  Higgins,  therefore,  though  highly 
creditable  to  his  sagacity,  do  not  affect  Mr  Dalton^s  claim  to  originality. 
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They  wer^  m«4e«  moreover,  in  so  casual  a  manner,  as  not  only  not  to 
have  attracted  the  notice  of  his  contemporaries,  but  to  prove  that  Mr 
Hisgins  himself  attached  no  particular  interest  to  them.  Mr  Dalton's 
realmerit  lies  in  the  discovery  of  the  Laws  of  Combination,  a  dis- 
covery which  is  solely  and  indisputably  his ;  but  in  which  he  would 
have  been  anticipated  by  Mr  Higgins,  had  that  chemist  perceived  the 
importance  of  his  own  opinions. 

On  the  Theory  of  Volumes. 

Soon  after  the  publication  of  the  New  System  of  Chemical  Philoso- 
phy in  XS08,  in  which  work  Mr  Dalton  explained  his  views  of  the 
atomic  constitution  of  bodies,  a  paper  appeared  in  the  second  volume 
of  the.^motres  d^Jircueily  by  M.  Gay-Lussac,  on  the  "  Combination 
of  Gaseous  Substances  with  one  another."  He  there  proved  that 
gases  unite  together  by  volume  in  very  simple  and  definite  propor- 
tions. In  the  combined  researches  of  himself  and  M.  Humboldt, 
those  gentlemen  found  that  water  is  composed  precisely  of  100 
measures  of  oxygen  and  200  measures  of  hydrogen ;  and  M.  Gay-Lus- 
sac, being  struck  by  this  peculiarly  simple  proportion,  was  induced  to 
examine  the  combinations  of  other  gases  with  the  view  of  ascertaining 
if  any  thing  'similar  occurred  in  other  instances. 

The  first  compounds  which  he  examined  were  those  of  ammoniacal 
gas  with  muriatic,  carbonic,  and  fiuoboric  acid  gases.  100  volumes  of 
the  alkali  were  found  to  combine  with  precisely  100  volumes  of 
muriatic  acid  gas,  and  they  could  be  made  to  unite  in  no  other  ratio. 
With  both  the  other  acids,  on  the  contrary,  two  distinct  combinations 
were  possible.    These  are 

100  Fiuoboric  acid  gas,  with  100  Anunoniacal  gas. 
100  do.  200  do. 

100  Carbonic  acid  gas  100  do. 

100  do.  200  do. 

Various  other  examples  were  quoted,  both  from  his  own  experi- 
ments and  from  those  of  others,  all  demonstrating  the  same  fact. 
Thus  ammonia  was  found  by  M.  A.  Berthollet  to  consist  of  100 
.volumes  of  nitrogen  and  300  volumes  of  hydroeen.  100  volumes  of 
sulphurous  acid  and  50  volumes  of  oxygen  produced  sulphuric  acid. 
Carbonic  acid  is  composed  of  50  volumes  of  oxygen  and  100  volumes 
of  carbonic  oxide. 

From  these  and  other  instances  M.  Gav-Lussac  established  the  fact 
that  gaseous  substances  unite  in  the  simple  ratio  of  1  to  1, 1  to  2, 1  to 
3,  &c. ;  and  this  original  observation  has  been  confirmed  by  such  a 
multiplicity  of  exf^eriments,  that  it  may  be  regarded  as  one  of  the  best 
established  laws  in  chemistry.  Nor  does  it  apply  to  the  true  gases 
merely,  but  to  vapours  likew.isi.  For  example,  sulphuretted  hydrogen, 
sulphurous  acid,  and  hydriodic  acid  gases  are  composed  of 

100  vol.  hydrogen,  and  100  vol.  vapour  of  sulphur. 
100         oxygen  100  .        sulphur. 

100     '  hydrogen  100  iodine. 

There  are  very  good  grounds  to  suppose,  also,  that  solid  bodies 
which  are  fixed  in  the  fire  would,  when  in  the  form  of  vapour,  be  sub- 
ject to  the  same  law.  By  a  method  which  Will  be  explained  after- 
wards, we  may  calculate  what  the  specific  gravity  of  carbon  would  be, 
if  converted  into  vapour;  and  0.4166  is  the  number  so  determined,  at- 
mospheric air  being  unity.  Now>  if  we  assume  that  carbonic  acid  is 
L  2 
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formed  of  100  volaoQes  of  oxygen,  and  100  volumes  of  the  vapour  of 
carbon,  condensed  into  the  space  of  100  volumes,  the  specific  gravity 
of  carbonic  acid  will  be  1.1111  (the  sp.  gr.  of  oxygen) -f. 0.4166 
=sl.6277,  which  is  the  pretise  number  determined  by  experiment. 
Again,  it  follows  from  our  assumption,  that  carbonic  acid  is  composed 
by  weight  of 

Oxygen  1.1111        .        16,  or  two  proporUonals. 

Carbon  0.4166        ..  6,  or  one  proportional. 

and  this  deduction  is  confirmed  by  analysis. 

If  we  assume  that  carbonic  oxide  is  composed  of  50  volumes  of  oxy- 
gen and  loo  volumes  of  the  vapour  of  carbon,  condensed  into,  the 
space  of  100  volumes,  then  its  specific  ^ravit^  will  be  0.6655  (half 
the  sp.  gr.  of  oxygen)  -{-6.4166=0.9721;  and  its  composition  will  be 

Oxygen  0.5555        .  8,  or  one  prdportional. 

Carbon  0.4166        .  6,  or  one  proportionaL 

both  of  which  results  have  been  determined  by  other  methods. 

The  compounds  of  qarbon  and  hydrogen  are  equally  illustrative  of 
the  same  point.  If  light  carburetted  hydrogen  is  formed  of  200  vol- 
umes of  hydrogen  and  100  volumes  of  the  vapour  of  carbon,  condens- 
ed into  100  volumes,  its  specific  gravity  should  be  0.13S8  (twice  the 
sp.  gr.  of  hydrogen)  -t'6'4166 =0.5554;  and  its  composition  by  weight 
will  be 

Hydrogen        .       0.1388  .        .        2,  or  two. P. 

Carbon  .        0.4166  .        .        6,  or  one  P. 

If  100  volumes  of  defiant  gas  are  composed*  of  200  volumes  of  hy- 
drogen and  200  volumes  of  the  vapour  of  carbon,  its  specific  gravity 
will  be  0.1388+0.8332=0.9720 ;  and  its  composition  by  weight 
must  be 

Hydrogen        .        0.1388  .        .        2,  or  tWo  P.   ' 

Carbon  .        0.8333  •        •      12,ortWoP. 

I  need  hardly  observe  that  both  these  results  have  been  ascertained 
by  analysis. 

Another  remarkable  fact  established  by  M.  Gay-Lussac  in  the  same 
paper  Is,  that  the  diminution  of  bulk  which  gases  frequently  suffer  in 
combining,  is  also  in  a  very  simple  ratio.  Thiis,  the  4  volumes  of 
which  ammonia  is  constituted,  (3  volumes  of  hydrogen  and  1  of  nitro- 
gen) contract  to  one-half  or  two  volumes  when  they  unite.  There  is 
a  contraction  to  two-thirds  in  the  formation  of  nitrous  oxide  gas.  The 
same  applies  to  the  combination  of  gases  and  vapours.  There  is  a  con- 
traction to  a  half  in  the  formation  of  sulphuretted  hydrogen ;  and  to  a 
half  in  that  of  sulphurous  acid.  The  instances  just  quoted  relative  to  ' 
the  vapour  of  carbon  confirm  the  same  remark.  There  is  a  contrac- 
tion to  two-thirds  in  carbonic  oxide ;  to  a  half  in  carbonic  acid ;  to 
a  third  in  light  carburetted  hydrogen ;  and  to  a  fourth  in  defiant  eas. 

The  rapid  progress  which  chemistry  has  made  within  the  last  few 
years  is  in  great  measure  attributable  to  the  ardour  with  which  pneu- 
matic chemistry  has  been  cultivated.  That  very  department  which  at 
first  sight  appears  so  obscure  and  difficult,  has  afforded  a  greater  num- 
ber of  leading  facts  than  any  other;  and  the  law  of  Gay-Lussac,  by 
giving  an  additional  degree  of  precision  to  such  researches,  as  .well  as 
itom  its  own  intrinsic  value,  is  one  of  the  brightest  discoveries  that 
adorn  the  annals  of  the  science.  The  practice  of  estimating  the  quan- 
tity in  weight  of  any  gas,  by  measuring  its  bulk  or  volume,  of  itself 
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susceptible  -of  much  accuracy,  is  rendered  still  more  precise  and  satis* 
factory  by  the  operation  of  this  law.  It  will  not  perhaps  be  superflu- 
ous, therefore,  to  exemplify  the  method  of  reasoning  employed  in 
these  investigations  by  a  few  examples ;  which  will  serve,  moreover, 
as  a  useful  specimen  to  the  beginner  of  the  nature  of  chemical  proof. 
One  essential  element  in  every  inquiry  of  this  kind,  which  is  indeed 
the  keystone  of  the  whole,  is  a  knowledge  of  the  specific  gravity  of 
tiie  gases.  But  it  is  exceedingly  difficult  to  determine  the  specific  gra- 
vity o^  gases  with  perfect  Accuracy ;  for  not  only  do  slight  alterations 
of  temperature  and  pressure  during  the  experiment  affect  the  result, 
but  the  presence  of  a  little  watery  vapour,  atmospheric  air,  or  other 
impurity,  may  cause  material  error,  especially  when  the  gas  to  be 
weighed  is  either  very  light  or  very  heavy.  The  specific  gravity'of 
important  gases  has,  accordingly,  been  stated  differently  by  different 
chemists,  and  there  is  none  in  regard  to  which  more  discordant  state- 
ments of  this  fact  have  been  made  than  of  hydrogen  gas.  Fortunately 
we  possess  the  power  of  correcting  the  results,  and  of  estimating  their 
accuracy  by  means  of  other  data,  upon  which  greater  reliance  may  be 
placed.  According  to  our  best  data,  the  specific  gravity  of  oxygen, 
hydrogen,  and  nitrogen  gases,  air  being  1,  is 

Oxygen  .  .  l.llll 

Hydrogen  .  .  0.0694 

Nitrogen  .  .      .  0.9722 

It  has  been  proved  by  analysis  that  200  volumes  of  ammoniacal  gas 
are  composed  of  300  volumes  of  hydrogen  and  100  volumes  of  nitro- 
gen, a  fact  from  which  the  specific  gravity  of  that  alkali  may  be  cal- 
culated. 

Thus,  0.97a24-(0.0694X3)=1.1804 

,     =;0.2951,  the  specific  gravity  which  ammoniacal  gas  should 
4  ^ 

have,  did  its^unstituent  gases  suffer  no  contraction  ;  but  as  they  con- 
tract h  one-hau»  the  real  specific  gravity  is  double  what  it  etherwise 
would  be,  or  is  0.5902;    Now,  if  by  wei|;hiDg  a  certain  quantity  of 

rimoniacal  gas,  the  same  number  is  procured  for  its  specific  gravity, 
follows  that  all  the  elements  of  the  calculation  must  have  been  cor- 
rect. 

Citric  oxide  is  composed  of  100  volumes  of  nitrogen  and  100  vol- 
umes of  oxygen,  united  without  any  contraction,  and  forming,  conse- 
quently, 200  volumes  of  the  compound.    Its  specific  gravity  must, 

therefore,  be  the  mean  of  its  components,  or  -1 ~-I ^^1.0416. 

2 
The  coincidence  of  this  calculated  result  with  that  determined  by 
weighing  the  gas  itself,  proves  that  all  the  data  are  true.  It  is  obvi- 
ous, indeed,  that  the  calculated  resul()9,  as  being  free  from  the  unavoida- 
ble errors  of  manipulation,  must  be  the  most  accurate,  provided  the 
elements  of  the  calculation  may  be  trusted. 

Dr  Henry  has  proved  by  careful  analysis  that  100  volumes  of  light 
carburetted  hydrogen  gas,  a  compound  of  carbon  and  hydrogen,  require 
200  volumes  of  oxygen  for  complete  combustion  ;  that  water  and  car- 
bonic acid  are  the  sole  products ;  and  that  the  latter  amounts  precisely 
to  ^00  volumes.  From  these  data,  the  proportions  of  its  constituents 
and  its  specific  gravity  may  be  determined.  For  100  volumes  of  car- 
boniis  acid  contain  100  volumes  of  the -vapour  of  carbon,  which  must 
have  been  present  in  the  carburetted  hydrogen,  and  100  volumes  of 
oxygen.    One-half  of  the  oxygen  originally  employed  is  thus  account- 
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ed  for ;  and  tbe  remamder  must  have  combiDed  with  faydEOgen.  But 
100  yolumes  of  oxygen  requite  200  volumes  of  hydrogen  for  combina- 
tion, all  of  which  must  likewise  have  been  contained  in  the  carburelted 
hydrogen.  The  100  volumes  of  light  carburetted  hydrogen,  submitted 
to  analysis,  are  hence  composed  of  100  volumes  of  the  vapour  of  car- 
bon, and  200  volumes  of  hydrogen.  Its  specific  gravity  must  there- 
fore be  0.5654 ;  Chat  is,  0.4166  (the  sp.  gx.  of  carbon  vapour)  +0.13S8, 
or  twice  the  sp.  gr.  of  hydrogen  gas. 

Having  ascertained  that  light  carburetted  hydrogen  gas  is  composed 
of  two  measures  of  hydrogen  to  one  of  the  vapour  of  carbon,  it  is 
easy  to  calculate  the  proportion  of  its  constituents  in  weight.  For 
this  purpose  we  need  only  multiply  the  bulk  of  the  gases  by  their  res- 
pective speci&c  gravities.  Thus  200 x 0.06942=13.88,  and  lOOX 
0.4166=s41.66.  Hence  light  carburetted  hydrogen  is  composed  by 
weight  of 

Carbon  .  .  41.66  .  6 

Hydrogen        .  .  13.88  .  2 

The  theory  of  volumes  has  very  considerable  resemblance  to  the 
laws  of  combination  by  weight  developed  by  Mr  Dalton ;  for  the  mul- 
tiple proportions  are  as  apparent  in  the  former  as  in  the  latter.  But 
there  is  one  remarkable  difference  between  them.  The  weights  of  the 
two  elements  of  a  compound  have  no  apparent  dependence  on  one 
another.  Thus  6  parts  pf  carbon  and  8  of  oxygen  constitute  carbonic 
oxide,  and  8  parts  of  oxygen  and  14  of  nitrogen  are  contained  in  ni- 
trous oxide;  but  eight  is  not  a  multiple  by  any  whole  number  of  6, 
nor  14  of  8.  On  the  other  hand,  the  elements  of  a  compound  are 
always  united  by  volume  in  the  ratio  of  1  to  1, 1  to  2,  1  to  3,  and 
80  on.  This  simple  ratio  is  peculiarly  interesting,  because  it  appears 
to  indicate  a  close  correspondence  in  the  size  of  the  atoms  of  gaseous 
bodies.  It  naturally  suggests  the  idea  that  this  peculiarity  may  arise 
from  the  atoms  of  elementary  principles  possessing  th^same  magni- 
tude. On  this  supposition,  equal  measures  of  such  soostance^in  tbe 
gaseous  form,  at  the  same  temperature  and  pressure,  would  probably 
contain  an  equal  number  of  atoms ;  and  the  specific  gravity  of  these 
gases  would  depend  on  the  relative  weights  of  their  atoms.  TMb 
same  numbers  which  indicate  the  specific  gravity  of  elementary 
principles  in  the  gaseous  state,  would  then  express  the  relative 
weighu  of  their  atoms ;  so  that  the  latter  would  be  ascertained  by 
means  of  the  former,  or  the  atomic  weight  of  a  solid  or  liquid  repre- 
sent the  specific  gravity  of  its  vapour.  The  proportional  numbers 
adopted  by  Sir  H.  Davy  in  his  Elements  of  Chemical  Philosophy,  and 
the  atomic  weights  employed  by  Berzelius  in  his  System  of  Chemis- 
try, were  selected  in  accordance  with  this  view.  Thus  water  being 
formed  of  2  measures  of  hydrogen  and  1  measure  of  oxygen,  is  be- 
lieved by  Berzelius  to  consist  of  2  atoms  of  the  former  and  1  atom  of 
the  latter ;  and  for  a  similar  reason,  he  regards  the  protoxide  of  ni- 
trogen as  a  compound  of  2  atoms  of  nitrogen  and  1  atom  of  oxygen. 
The  atoms  and  volumes  of  the  four  elementary  gases,  oxygen,  chlo- 
rine, hydrogen,  and  nitrogen,  are  thus  made  to  coincide  with  each 
other.  This  method,  though  perhaps  preferable  to  any  other,  has  not 
hitherto  been  generally  foljowed.  Most  chemists  consider  water,  pro- 
toxide of  chlorine,  and  protoxide  of  nitrogen,  as  containing  one  atom 
of  each  of  their  elements ;  and,  consequentiy,  as  these  compounds 
consist  of  1  measure  of  oxygen  united  with  2  measures  of  the  other 
coBstituent,  the  atom  of  hydrogen,  chlorine,  and  nitrogen  is  supposed 
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to  occupy  twice  as  much  space  as  an  atom  of  oxygen.  An  atom  of 
oxygen  is  therefore  represented  by  half  a  volume,  and  an  atom  of  the 
other  three  gases  by  a  whole  volume. 

Df  Prout  in  an  iogenious  essay  **  On  the  Relatioh  between  the 
Specific  Gravities  of  Bodies  in  their  Gaseous  State  and  the  Weishts 
of  their  Atoms,"  published  in  the  6th  volume  of  the  Annals  of  Phi* 
losophy,  (Old  Series,  p.  821,)  considers  it  probable  that  the  same  re* 
lation  which  is  thought  to  exist  between  the  atoms  and  volumes  of  the 
four  elementary  gases,  may  hold  equally  of  the  vapours  of  the  other 
elements.  Thus  in  representing  the  atom  of  oxygen  by  half  a  vol- 
ume, he  believes  the  atoms  of  the  other  elementary  principles,  such 
as  iodine,  carbon,  and  sulphur,  correspond  to  a  whole  volume  of  their 
vapour.  From  this  he  has  deduced  a  mode  of  calculating  the  specific 
gravity  of  any  vapour  from  the  atomic  weight  of  the  body  which 
yields  it.  The  rule  consists  in  multiplying  0.5555,  or  half  the  specific 
gravity  of  oxygen  gas,  by  the  atomic  weight  of  any  element,  and  di- 
viding the  product  by  the  atomic  weight  of  oxygen ;  the  quotient  ie 
the  specific  gravity  of  the  vapour.  For  exan^ile,  the  specific  gravity 
of  the  vapour  of  carbon  is  thus  found  :  As 

8:6:  : 0.6555  :  0.4166 

in  which  8  is  the  atomic  weight  of  oxygen,  6  that  of  carbon,  and 
0.4166  the  specific  gravity  of  the  vapour  of  carbon.  The  same  rela- 
tion which  exists  between  the  atomic  weight  of  oxygen  and  half  it9 
specific  gravity,  subsists  between  the  atomic  weight  of  any  other  ele- 
ment, and  the  specific  gravity  of  its  vapour.  Though  the  accuracy  of 
Dr  Prout's  views  has  not  yet  been  established  by  experiment,  his 
formula  may  often  be  employed  with  advantage. 

In  the  essay  above  quoted,  Dr  Prout  has  advanced  several  instan- 
ces, in  which  the  equivalents  or  atomic  weights  of  bodies  appear  to  l>a 
multiples  by  a  whole  number  of  the  atomic  weight  of  hydrogen  gas ; 
and  he  threw  out  a  conjecture  that  the  same  relation  may  perhaps  exist 
in  other  cases.  This  subject  has  since  been  experimentally  investi- 
gated bv  Dr  Thomson,  who  has  declared  after  a  most  elaborate  in- 
quiry, the  fruits  of  which  are  contained  in  his  "  First  Principles  of  Che- 
mistry," that  the  law  is  of  universal  application ;  that  the  atomic 
weights  of  all  the  simple  substances  which  be  has  examined  are  not 
only  multiples  by  a  whole  number  of  the  atomic  weight  of  hydrogen, 
but  with  a  few  exceptions  of  two  atoms  of  hydrogen.  But  in  opposi- 
tion to  this  statement,  Berzelius  insists  that  the  law  is  inconsistent 
with  the  results  of  h^  analyses,  and  that  the  experiments  of  Dr  Thom- 
son are  inaccurate.  Considering  the  direct  opposition  of  evidence, 
and  the  authority  by  which  it  is  supported  on  both  sides,  we  cannot 
but  infer  that  the  question  is  just  as  far  from  being  decided  as  ever. 

On  the  Theory  of  Berzelius. 

It  is  well  known  that  the  celebrated  professor  of  Stockholm  has  for 
many  years  devoted  himself  to  the  study  of  the  laws  of  definite  pro- 
portions, and  that  he  has  been  led  to  form  a  peculiar  hypothesis,  l>y 
way  of  generalizing  the  facts  which  his  industry  had  collected.  To 
ffive  a  detailed  account  of  his  system  does  not  fall  within  the  plan  of 
uiis  work ;  but  considering  the  extraordinary  number  of  facts  with 
which  this  indefatigable  chemist  has  enriched  the  science,  and  es- 
pecially this  department,  I  think  it  proper  to  give  a  shoct  account  of 
his  doctrines,  offering  at  the  same  time  a  few  comments  upon  them. 
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Berzelias  mentions  in  the  historieal  introdaction  to  his  treatise  on 
the  *<  Theory  of  Definite  Proportions,'*  that  he  commenced  his  resear- 
ches on  the  subject  in  the  vear  1807 ;  and  that  they  originated  in  the 
fltudy  of  the  Worics  of  Richter.  From  Richter's  explanation  of  the 
fact,  that  when  two  neutral  salts  decompose  one  another,  the  result- 
ing compounds  are  likewise  neutral,  he  perceived  that  one  good 
analysis  of  a  few  salts  would  furnish  the  means  of  calculating  the  com- 
position of  all  others.  He  accordingly  entered  upon  an  inqiSry,  whicb 
was  at  first  limited  in  its  object :  but  as  he  proceeded,  his  views  en- 
larged, and  advancing  from  one  step  |0  another,  he  at  length  set 
about  determining  the  laws  of  combination  in  general.  In  perusing 
fais  account  of  the  inve^gation,  we  are  at  a  loss  whether  most  ta 
admire  the  number  of  exact  analyses  which  he  performed,  the  variety 
of  new  facts  he  determined,  his  acuteness  in  detecting  sources  of  er- 
ror, his  ingenuity  in  devising  new  analytical  processes,  or  the  per- 
severing industry  which  he  displayed  in  every  part  of  the  inquiry. 
But  it  is  at  the  same  time  impossible  to  suppress  regret,  that,  instead 
of  formiog  a  complex  system  of  his  own,  he  did  not  adopt  the  simple 
views  of  Mr  Daiton.  This  he  might  have  done  with  very  great  pro- 
iniety^  since  the  fundamental  laws  which  he  discovered,  are, -with 
very  little  exception,  either  identical  with  those  previously  pointed 
out  by  the  British  philosopher,  or  the  direct  result  of  their  operation. 

Berzelius  assumes,  with  Mr  Dallon,  the  existence  of  ultimate  indi- 
visible atoms,  to  the  combination  of  which  with  one  another  the  laws 
of  chemical  proportion  are  owing. 

The  first  law  of  Berzelius  is  the  following.  *<  One  atom  of  one 
element  unites  with  1,  2,  3,  or  more  atoms  of  another  element.*' 
This  coincides  with  the  law  of  Mr  Daiton,  and  requires  no  comment, 
further  than  that  it  has  been  amply  confirmed  by  the  labours  of  Ber- 
zelius. The  second  Is,  that  "  two  atoms  of  one  element  combine 
with  three  and  five  atoms  of  another."  These  are  the  two  laws 
which  regulate  the  union  of  simple  or  elementary  atoms. 

The  combination  of  compound  atoms  with  each  other,  obeys 
another  law^  and  is  confined  within  still  narrower  limits.  **  Two  com- 
pounds which  contain  the  same  electro-negative  body,  always  com- 
mne  in  such  a  manner  that  the  electro-negative  element  of  the  one  is 
a  multiple  by  a  whole  number  of  the  same  element  of  the  other." 
Thus,  for  instance,  if  two  oxidized  bodies  unite,  the  oxygen  of  one  is 
a  multiple  by  £  whole  number  of  the  oxygen  in  the  other.  Various 
ozamples  may  be  given  of  Ibis.    The  hydrate  of  potassa  is  composed  of 

Potassa  48,  the  oxygen  of  which  is  8. 
Water     9,  do  8.      • 

In  like  manner,  if  two  acids  or  two  oxides  combine,  the  same  will 
be  observed. 

In  the  earthy  minerals  which  often  contain  several  oxides,  the  same 
Jaw  is  found  to  prevail  with  great  uniformity. 

The  composition  of  the  salts  is  likewise  under  its  influence.  Car- 
bonate of  potassa,  for  example,  is  composed  of 

Carbonic  acid22,4he  oxygen  of  which  is  16. 
Potassa    .      48,  do  8. 

and  salphate  of  potassa  of 

Sulphuric  acid  40,  the  oxygen  of  which  is  24. 
Potassa      .      48,  do.  8. 
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Beizelias  has  remarked,  that  the  nitrate?,  phoaphates,  and  arteni- 
ates,  may  prove  exceptions  to  the  law  in  some  instances.  There  it 
also  a  similar  relation  in  salts  whiqh  contain  water  of  crystallizationy 
hetween  the  oxygen  of  the  base  of  the  salt  and  that  of  the  water* 
For  instance,  crystallized  sulphate  of  soda  is  composed  of, 

Salpharie  acid  40. 

Soda  82,  the  oxygen  of  which  is   8. 

Water      .        90,  do  80. 

Double  salts  are  also  influenced  by  the  same  law.  In  the  tartrate  of 
potassa  and  soda,  for  example,  the  oxygen  of  the  potassa  is  exactly 
equal  to  the  oxygen  in  the  soda ;  and  the  oxygen  in  the  tartaric  acid, 
which  neutralises  the  potassa,  is  equal  to  that  of  the  soda. 

But  this  is  not  all  that  Benielius  has  remarked  with  respect  to  the 
constitution  of  the  salts.  He  observes  that  in  each  aeries  of  salts,  the 
same  relation  always  exists  between  the  oxygen  of  the  acid  and  ef  the 
base.  In  all  the  neutral  sulphates  this  ratio  is  as  three  to  one,  as  may 
be  seen  in  the  sulphates  of  soda  and  potassa.  In  the  carbonates,  the 
oxygen  of  the  acid  is  double,  and  in  the  bicarbonatea  quadruple  the 
oxygen  of  the  t>ase. 

The  existence  of  these  remarkable  laws  was  discoyered  by  Bent* 
Hub  at  a  very  early  period  of  his  researches;  and  he  mentions,  that  as 
subsequent  observation,  durine  the  course  of  several  years,  has  not 
afforded  a'single  exception  to  them,  be  now  regards  them  aa  universal.  . 
He  accordingly  places  unlimited  confidence  in  their  accuracy,  and  ia 
in  the  habit  of  calculating  the  composition  of  bodies  on  this  princi- 
ple. 

It  will  of  course  be  interesting  to  inquire  into  the  cause  of  these 
phenomena;  to  ascertain  if  there  is  any  property  peculiar  to  oxygen,  or 
other  negative  electrics,  which  may  give  rise  to  them.  Bersalitta 
himself  says  that  **  the  cause  is  involved  in  such  deep  obecurity,  that 
it  is  impossible  at  the  present  moment  to  give  a  probable  cuess  at  it.'* 
I  have  the  misfortune  to  differ  entirely  from  Beraelius  on  this- question. 
So  far  from  being  obs<iure,  it  is  perfectly  intelligible,  and  is  precisely 
iVhat  may  be  anticipated  from  the  present  state  of  chemical  knowledge. 
Most  of  the  salts  called  neutral  sulphates,  are  composed  of  one  pro* 
portion  or  one  atom  of  sulphuric  acid,  and  one  proportion  of  some  prot- 
oxide. This  is  the  case  with  all  the  alkaline  and  earthy  sulphates, 
and  with  several  of  the  common  metals,  such  as  lead,  zinc,  and  iron. 
Now,  one  proportion  of  sulpuric  acid  is  composed  of 

Sulphur  16— one  proportion. 
Oxygen  24 — three  proportions. 

and  every  protoxide  of 

Metal  —one  proportion. 

Oxygen       8— one  proportion. 

Hence  a  number  of  laws  may  be  deduced  which  must  hold  in  every 
sulphate  of  a  protoxide. 
1.  The  oxygen  of  the  acid  is  a  multiple  of  that  of  the  base. 
2   The  acid  contains  three  times  as  much  oxygen  as  the  base. 

3.  The  sulphur  of  the  acid  is  just  double  the  oxygen  of  the  base, 

4.  The  acid  itself  is  five  times  as  much  as  the  oxygen  of  the  base. 
Metallic  sulphurets  are  frequently  composed  of  one  proportion  of 

each  element ;  and  should  oxidation  ensue,  so  that  the  sulphur  is  con- 
verted into  sulphuric  acid,  and  the  metal  into  a  protoxide,  they  will 
be  in  the  exact  proportion  for  forming  a  neutral  sulphate.    Berzelius 
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has  proved  by  analysis  that  this  happens  fireqiiently,  and  he  is  disposed 
to  convert  it  into  a  general  law. 

Again,  the  carbonates  are  composed  of  one  proportion  of  carbonic 
acid,  and  one  proportion  of  some  protoxide.  But  one  proportion  of 
carbonic  acid  is  composed  of 

Carbon  '  6,  one  proportion. 
Oxygen  16,  two  proportions. 

and  every  protoxide  of 

Metal ,        one  proportion. 
Oxygen  8,  one  proportion. 

It  is  inferred,  therefore,  that  in  all  the  carbonates,  the  oxygen  of  tlie 
acid  is  exactly  double  that  of  the  base ;  and  the  same  mode  of  reason- 
ing is  applicable  to  the  various  genera  of  salts.  These  few  examples 
vill  ■  ...  -  .  ^       ..        . 


will  suffice  to  show,  that  what  seemed  so  obsure  to  Berzelius,  is 
rendered  quite  obvious  by  the  Daltonian  method.  We  perceive^ 
moreover,  that  no  constant  ratio  can  exist  between  the  quantity  of 
oxide  and  that  of  the  acid  or  oxygen  of  the  acid  ;  and  the  reason  is, 
because  the  atomic  weights  of  ue  metals  in  general  are  different. 
But  this  view  of  the  subject  answers  another  useful  purpose;  it 
enables  us  to  see  whether  the  law  of  Berzelius  is  or  is  not  universal. 
The  observations  made  on  this  subject  by  Dr.  Thomson,  in  his  **  First 
Prhiciples  of  Chemistry,"  are  so  much  to  the  point,  that  I  cannot  do 
better  than  give  them  in  his  own  words. 

*<  Before  concluding  these  general  observations,"  says  Dr  Thomson, 
'<  I  may  say  a  few  words  on  Berzelius*  law,  that  in  all  salts,  the  atoms 
of  oxygen  in  the  acid  constitute  a  multiple  by  a  whole  number  of  the 
atoms  of  oxygen  of  the  base.  This  law  was  founded  upon  the  first 
aet  of  exact  analyses  of  neutral  salts  which  Berzelius  made.  Now,  as 
neutral  salts  in  general  are  combinations  of  an  atom  of  a  protoxide 
with  an  atom  of  an  acid,  it  is  obvious  that  the  atoms  of  oxygen  in  the 
acid  must  in  all  such  salts  be  multiples  of  the  atom  of  oxygen  in  the 
base ;  because  every  whole  number  is  a  multiple  of  unity.  Neutral 
•alts,  therefore,  are  not  the  kind  of  salts  by  means  of  which  the  pre- 
cision of  this  supposed  law  can  be  put  to  the  test. 

"  Even  in  the  subsalts,  composed  of  1  atom  of  acid  united  to  2 
atoms  of  base,  it  is  obvious  enough  that  the  law  will  hold  whenever  the 
acid  combined  with  the  base  happens  to  contain  2  or  4,  or  any  even 
number  of  atoms ;  because  all  even  numbers  are  multiples  of  2.  Now 
this  is  the  case  with  the  following  acids : 

Phosphoric.  Nitrous.  Antimonic.  Citric. 

Carbonic.  Titanic  Manganesic.  Saclactic 

Boracic.  Arsenious.  Molybdous.  Chromous. 

Sulphurous.  Selenic.  Uranitic. 

Consequently,  the  law  must  hold  good  in  all  combinations  of  1  atom 
of  these  acids  with  2  atoms  of  base." 

*'  In  the  case  of  all  those  acids  which  contain  only  one  atom  of 
oxygen,  all  the  subsalts  composed  of  1  atom  of  the  acid  united  to  2 
atoms  of  base,  the  law  will  afso  in  some  sort  hold  :  for  the  atoms  of 
the  oxygen  in  such  acids  being  1,  this  number  will  always  be  a  sub- 
multiple  of  2,  the  number  of  atoms  of  oxygen  in  2  atoms  of  base. 
This  is  the  case  with  the  following  acids : 

Silicic  Hypo-sulphurous. 

Phosphorous.        Oxide  of  tellurium. 


Oxygen. 

«  Sulphuric  acid  . 

3 

Arsenic     . 

3 

Chromic   . 

3 

Molybdic. 

3 

TuDgstia  . 

3 

Oxalic 

3 

.  Formic     . 

3 
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**  It  is  only  io  the  subsalts  of  acids  containing  an  odd  number  of 
atoms  of  oxygen,  that  exceptions  to  the  law  can  exist.  It  is  to  them, 
therefore,  that  we  must  have  recourse  when  we  wish  to  determine 
whether  this  empirical  law  of  Berzelius  be  founded  in  nature  or  not. 
Now,  there  are  13  acids,  the  integrant  particles  of  which  contain 
an  odd  number  of  atoms  of  oxygen.  The  following  table  exhibits  the 
names  of  these  acids,  together  with  the  number  of  atoms  of  oxygen 
in  each. 

Atoms  of  Atoms  qf 

Oxygen, 
Acetic  acid  •        .        3 

Succinic     ...        8 
Benzoic      .        .  •^ 

Nitric  •        .         .        5 

Tartaric       ...        5 
Hypo-sulphuric  .        2^" 

Dr  Thomson  informs  us  that  the  number  of  subsalts  he  has  examin- 
ed is  exceedingly  small,  because  his  "  object  was  net  to  investigate 
the  truth  of  Berzelius*  law,  but  to  determine  the  quantity  of  water  of 
crystallization  which  the  salts  contain."  He  observes,  that  "  it  would 
certainly  be  a  most  remarkable  circumstance,  if  2  atoms  of  any  protox- 
ide were  incapable  of  combining  with  1  atom  of  any  of  the  13  acids  in  the 
preceding  list."  Dr  T.  adduces  seven  instances  in  which  this  does 
happen,  three  of  which  are  completely  in  point,  being  a  subsulphate 
of  alumina,  asubacetate  of  lead,  and  a  subacetate  of  copper ;  and  he 
is  "  persuaded  that  many  more  will  be  discovered  whenever  the  atten- 
tion of  chemists  is  particularly  turned  to  the  subsalts."  He  also  men- 
tions other  kinds  of  salts,  in  regard  to  which,  for  equally  obvious  rea- 
sons, the  law  cannot  and  does  not  bold. 

These  extracts  will  suffice  for  placing  the  law  of  Berzelius  in  its  true 
light ;  for  showing  that  it  is  a  direct  consequence  of  the  gei^eral  ope- 
ration of  the  Laws  of  Definite  Proportion  ;  and  that  we  must  expect 
to  find  some  exceptions  to  bis  law,  derived  from  the  very  cause  which 
gives  rise  to  it.  It  is  to  be  hoped  that  Berzelius  will  take  the  remarks 
of  Dr  Thomson  into  mature  consideration,  by  which  he  will  probably 
perceive  that  his  favourite  canon  is  not  so  universal  as  he  imagines,  and 
be  led  to  avoid  the  errors  to  which,  from  its  indiscriminate  employment, 
both  himself  and  his  pupils  might  otherwise  be  exposed. 

That  part  of  the  law  which  applies  to  the  combined  water  is  like- 
wise more  than  doubtful.  When  the  base  contains  2  equivalents  of 
oxygen  and  an  uneven  number  of  equivalents  of  -water  is  present,  it 
cannot  t>e  correct.  When  the  base  contains  3  equivalents  of  oxygen, 
the  law  would  not  apply  whenever  there  chanced  to  be  2,  4,  8,  or  10 
equivalents  of  water.  When  the  base  has  only  one  equivalent  of  oxy- 
gen, then  it  must  hold  for  obvious  reasons.  If  the  base  has. an  equi- 
valent and  a  half  of  oxygen,  the  law  can  only  be  true  when  3,  6,  9,  or 
12  equivalents  of  water  are  in  combination ;  with  1, 2,  4,  5, 7,8,  or  10, 
it  must  fail. 

An  attempt  has  been  made  within  these  few  years  to  determine  the 
atomic  constitution  of  minerals,  an  inquiry  in  which  Berzelius  has 
highly  distinguished  himself.  The  composition  of  minerals  must  of 
course  be  influenced  by  the  usual  laws  of  combination,  though  there 
are  sometimes  obstacles  in  the  way  of  discovering  it.  In  the  com- 
pounds made  artificially,  chemists  possess  the  power  of  having  each 
constituent  perfectly  pure ;  but,  unfortunately,  we  cannot  always  com- 
M 
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imiid  the  same  eoaditioB  with  respect  to  natural  productioiM.  The 
materials  of  which  a  mineral  is  composed,  once  formed  part  of 
tome  heterogeneous  fluid  or  semi-fluid  mass,  and  in  assuming  the  solid 
form  are  very  likely  to  have  enclosed  within  them  some  substance 
which  is  not,  chemlcallv  considered,  an  essential  ineredient'  of  the 
mineral.  The  result  of  chemical  analysis,  accordingly,  does  not  al- 
ways give  us  a  view  of  the  actual  constitution  of  a  mineral  species ; 
some  substances  are  often  detected  which  are  foreign  to  it,  and  the 
chemist  must  exercise  his  judgment  in  determining  what  is  and  what 
Is  not  essential.  Now  nothing  is  so  well  calculated  to  direct  him  af 
a  knowledge  of  the  laws  of  combination ;  but  as  a  great  discretion- 
ary power  is  in  his  hands,  it  is  important  that  his  mode  of  investi- 
cation  should  be  the  simplest  possible,  and  that  his  rules  should  be 
founded  on  well-established  principles,  which  involve  nothing  hypo- 
thetical. It  is  but  very  lately  that  due  care  has  been  bestowed  in 
selecting  sufficiently  pare  specimens  for  examination,  or  in  performing 
the  analyses  themselves  with  the  precision  necessary  for  determining 
the  chemical  constitution  of  minerals,  tt  were  much  to  be  wished, 
that  the  first  essays  in  this  difficult  field  should  be  confined  as  much  as 
possible  to  such  minerals  as  contain  but  few  substances,  and  which 
occur  in  distinct  transparent  crystals. 

We  are  indebted  to  Berzelins  for  this  mode  of  studying  the  compo- 
sition of  minerals ;  and  certainly  if  skill  in  analytical  investigation  could 
encourage  any  one  to  make  the  attempt,  none  could  undertake  it  with 
sreater  chance  of  success  than  the  indefatigable  Professor  of  Stock- 
holm. Unfortunately  his  theoretical  viewsj^are  unnecessarily  complex, 
and  I  much  doubt,  for  reasons  already  stal^,  if  his  ruling  law  about 
onultiples  of  oxygen  deserves  the  confidence  he  bestows  upon  it.  It 
will  not,  I  am  convinced,  be  adopted  by  the  chemists  and  mineralo- 
gists of  this  country,  and  I. am  much  mistaken  if,  notwithstanding  the 
great  reputation  of  its  author,  it  stand  its  ground  long  upon  the  conti- 
nent. To  give  a  particular'  description  Ofhis  method  is  foreign  to  my 
purpose,  but  the  reader  will  find  an  able  account  of  it  in  the  9th  vol.  of 
the  Annals  of  Philosophy,  N.  S.  by  Mr  Children. 


SECTION  III. 
oxroEjv. 

Oxygen  gas  was  discovered  by  Priestley  in  1774,  and  by  Scheele  a 
year  or  two  after,  without  previous  knowledge  of  Priestley^s  discovery. 
Several  appellations  have  been  given  to  it.  Priestley  named  it  Dephlo* 
gUHeated  air  ;  it  was  called  Empyreal  air  by  Scheele,  and  Viial  air 
by  Condorcet.  The  name  it  now  bears,  derived  from  the  Greek  words 
o^vf  acid  and  ytrjAtt  I  generate,  Was  proposed  by  Lavoisier,  froin  the 
supposition  that  it  is  the  sole  cause  of  acidity.     - 

Oxygen  gas  may  be  obtained  from  several  sources.  The  peroxides 
of  manganese,  lead,  and  mercury,  nitre, and  the  chlorate  of  potassa,  all 
yield  it  in  large  quantity  when  they  are  exposed  to  a  red  heat.  The 
substances  commonly  employed  for  the  purpose  are  the  peroxide  ol 
manganese  and  the  chlorate  of  potassa.  It  may  be  procured  from  the 
s  former  in  two  ways  \  either  by  heating  it  to  redness  in  a  gun-barrel,  or 
in  a  retort  of  iron  or  earthen- ware ;  or  by  putting  it  into  a  flask  with 
half  its  wei^t  of  coDcentrated  sulphuric  add,  and  beating  the  mixture 
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by  means  of  a  lamp.  To  understand  the  theory  of  these  processes,  it 
is  necessary  to  be  aware  that  there  are  three  distinct  oxides  orman|[a- 
nese,  which  are  thus  constituted :  .    '  *  - 

Manganese.  Oxygen, 

Protoxide        •        28,  or  one  prop.  +  8  •         sb36 

Deutoxide       .        28  .  +12  .        »40 

Peroxide  .        28  .  +16  a44 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  a  proportion  of 
dxygen,  and  is  converted  into  the  deutoxide.  Every  44  grains  of  the 
peroxide  will  therefore  lose,  if  quite  pure,  4  grains  of  oxygen,  or  nearly 
12  cubic  inches ;  and  one  ounce  will  yield  about  128  cubic  inches  of 
ga^.  The  action  of  sulphuric  acid  is  different.  The  peroxide  loses  a 
whole  proportion  of  oxygen,  and  is  converted  into  the  protoxide,  whieh 
unites  with  the  acid,  forming  a  sulphate  of  the  protoxide  of  manganese. 
Every  44  grains  of  the  peroxide  must  consequently  yield  8  grains  of 
oxygen  and  86  of  the  protoxide,  which,  by  uniting  with  one  propor- 
tion (40)  of  the  acid,  forms  76  of  the  sulphate.  The  first  of  these 
processes  is  the  most  convenient  in  practice. 

The  gas  obtained  from  the  peroxide  of  manganese,  though  hardly 
ever  quite  pure,  owing  to  the  presence  of  iron,  carbonate  of  lime,  and 
other  earthy  substances,  is  sulBciently  good  for  onllnary  purposes.  It 
yields  a  gas  of  better  quality,  if  previously  freed  from  the  carbonate  of 
lime  by  dilute  muriatic  or  nitric  acid ;  but  when  oxygen  of  great  purity 
Is  required,  it  is  better  to  obtain  it  from  the  chlorate  of  potassa.  For 
this  purpose,  the  salt  should  be  put  into  a  retort  of  green  glass,  or  of 
white  glass  made  without  lead,  and  be  heated  nearly  to  redness.  It 
first  becomes  liquid,  though  quite  free  from  water,  and  then,  on  in- 
crease of  heat,  is  wholly  resolved  into  pure  oxygen  gas,  which  escapes 
with  effervescence,  and  into  a  white  compound,  called  the  chloride  of 
potassium,  which  is  left  in  the  retort.  The  theory  of  the  decomposi- 
tion is  as  follows.    The  chlorate  of  potassa  is  composed  of 

Chloric  acid  76,  or  one  proportion. 
Potassa         48,  or  one  proportion. 

124 

Chloric  acid  consists  of 

Chlorine  86,  or  one  proportion. 
Oxygen  40^  or  five  proportions. 


76 


and  potassa  of 


Potassium  40;  or  one  proportion. 
Oxygen        8,  or  one  proportion. 

48 

The  chlorine  and  potassium  are  both  deprived  of  their  oxygen,  and 
then  unite  together.  So  that  124  grains  of  the  salt  are  resolved  into 
76  grains  of  the  chloride  of  potassium,  and  48  grains,  or  141  cubic 
incnes,  of  pure  oxygen. 

Oxygen  gas  is  colourless,  has  neither  taste  nor  smell,  is  not  chemi- 
cally affected  by  the  imponderables,  refracts  light  very  feebly,  and  is  a 
non-conductor  of  electricity.    It  is  the  most  perfect  negative  electric 
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(ibat  we  possess,  always  appearing  at  the  positive  pole,  when  any  com- 
pound which  contains  it  is  exposed  to  the  action  of  galvanism.  It 
emits  light,  as  well  as  heat,  when  suddenly  and  forcibly  compressed. 

Oxygen  is  heavier  than  atmospheric  air.  Chemists  have  differed  as 
to  its  precise  weight ;  but  the~  late  experiments  of  Dr  Thomson,  (First 
Principles  of  Chemistry,)  leave  little  doubt  of  the  accuracy  of  Dr 
Prout*s  estimate  as  stated  in  the  6th  volume,  0.  8.,  of  the  Annals  of 
Philosophy.  According  to  that  chemist,  100  cubic  inches  of  oxygen, 
when  the  thermometer  is  at  60°  F,  and  the  barometer  stands  at  80 
inches,  weigh  S3.888  grains,  and  its  specific  gravity  must  be  1.1111. 

Oxygen  gas  is  very  sparingly  absorbed  by  water,  100  cubic  inches 
o(  that  liquid  dissolving  only  three  or,  four  of  the  gas.  It  has  neither 
■aold  nor  alkaline  properties,  for  it  does  not  redden  or  turn  green  the 
blue  vegetable  colours,  nor  does  it  evince  a  disposition  to  unite  di- 
rectly either  with  acids  or  alkalies.  It  has  a  very  powerful  attraction 
for  most  of  the  simple  bodies ;  and  there  is  not  one  of  them  with  which 
it  may  not  be  made  to  combine.  The  act  of  combining  with  oxygen 
is  called  oxidation^  and  the  bodies,  after  having  united  with  it,  are 
said  to  be  oxidized.  The  compounds  so  formed  are  divided  by  chem- 
ists into  acids  and  oxides.  The  first  division  includes  those  compounds 
which  possess  the  general  properties  of  acids ;  and  the  second  compre- 
hends those  which  not  only  want  that  character,  but  many  of  which 
are  highly  alkaline,  and  yi^ld  salts  by  uniting  with  acids.  The  pheno^ 
mena  of  oxidation  are  variable.  It  is  sometimes  produced  widi  great 
rapidity,  and  with  evolution  of  heat  and  light.  Ordinary  combustion, 
for  instance,  is  nothing  more  than  rapid  oxidation ;  and  all  inflammable 
or  combustible  substances  derived  their  power  of  burning  in  the  open  * 
air  from  their  affinity  for  oxygen.  On  other  occasions  it  takes  place 
slowly,  and  without  any  appearance  either  of  heat  or  light,  as  is  ex- 
emplified by  the  rusting  of  iron  when  exposed  to  a  moist  atmosphere. 
Different  as  these  processes  may  appear,  oxidation  is  the  result  of 
both ;  and  both  are  owing  to  the  same  circumstance,  namely,  to  the 
presence  of  oxygen  in  the  atmosphere. 

All  substances  that  are  capable  of  burning  in  the  open  air,  burn  with 
far  greater  brilliancy  in  oxygen  gas.  A  piece  of  wood  on  which  the 
least  spark  of  light  is  visible,  bursts  into  flame  the  moment  it  is  put  in- 
to a  jar  of  oxygen ;  lighted  charcoal  emits  beautiful  scintillations  ;  and 
phosphorus  burns  with  so  powerful  and  dazzling  a  light  that  the  eye 
cannot  bear  its  impression.  Even  iron  and  steel,  which  are  not  com- 
monly ranked  among  the  inflammables,  undergo  a  rapid  combustion  in 
oxygen  gas. 

-  T^e  changes  (hat  accompany  these  phenomena  are  no  less  remarka- 
ble tl^an  the  phenomena  themselves.  When  a  lighted  taper  is  put  in- 
to a  vessel  of  oxygen  gas,  it  burns  for  a  while  with  increased  splen- 
dour ;  but  the  size  of  the  flame  soon  begins  to  diminish,  and  if  the 
mouth  of  the  jar  be  properly  secured  by  a  cork,  the  light  will  in  a 
short  time  disappear  entirely.  The  gas  has  now  lost  its  characteristic 
property ;  for  a  second  lighted  taper,  immersed  in  it,  is  instantly  extin- 
guished. This  result  is  general.  The  burning  of  one  body  in  a  given 
portion  of  oxy^^  unfits  it  more  or  less  completely  for  supporting  the 
combustion  ot  another ;  and  the  reason  is  manifest.  Combustion  is 
produced  by  the  combination  of  inflammable  matter  with  oxygen  gas. 
The  quantity  of  free  oxygen,  therefore,  diminishes  during  the  process, 
and  is  at  lenj;th  nearly  or  quite  exhausted.  The  burniiMLbf  all  bodies, 
however  inflammable,  must  then  cease,  because  the  PWjkp^  ^f  p^^' 
gen  is  necessary  to  its  continuance.  For  this  reasoilfTOyAvj^s  is 
called  a  supporter  of  combustion.    The  oxygen  often  ldiB^<«tt  gaseous 
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form  as  irell  «b  its  other  properties.  IfphosplionM  or  iron  be  bmaed 
in  a  jar  of  pure  oxygen  over  water  or  raereniy,  the  disappeaianee  of 
the  gas  becomes  obvious  by  the  ascent  of  the  liquid,  which  is  forced 
up  by  the  pressure  of  the  atmosphere,  an4  fills^the  vessel.  Sometimes, 
On  the  contrary,  the  oxygen  suffers  only  a  partial  dimioution  of  Tolume, 
or  even  undergoes  no  change  of  bulk  at  all,  as  is  exemplified  by  the 
combustion  of  the  diamond. 

The  changes  experienced  by  the  burning  body  are  equally  striking. 
While  the  oxygen  loses  itf  power  of  supporting  com^tion,  the  in* 
flammable  substance  lays  aside  its  combustibility.  It  is  now  an  oxidis- 
ed body,  and  eannot  be  made  to  bum  even  by  aid  of  the  purest  oxy- 
gen. It  has  also  acquired  an  addition  to  its  weight.  It  is  an  error  to 
suppose  that  bodies  lose  any  thing  while  they  bum.  The  materials  of 
our  fires  and  candles  do  indeed  disappear,  but  they  are  not  destroyed. 
Although  they  fly  off  in  the  gaseous  form,  and  are  commonly  lost  to 
ns,  it  is  not  difficult  to  collect  and  preserve  all  the  products  of  combn^ 
tion.  When  this  is  done  with  the  requisite  care,  it  is  constantly  found 
that  the  combustible  matter  weighs  more  after  than  before  combustion ; 
and  that  the  increase  in  weight  is  exactly  equal  to  the  quantity  of  oxy- 
gen which  has  disappeared  during  the  process. 

Oxygen  gas  is  necessary  to  respiration.  No  animal  can  live  in  an 
atmosphere  which  does  not  contain  a  certain  portion  of  uncombined 
oxygen  ;  for  an  animal  soon  dies  if  put  into  a  portion  of  air  from  which 
(he  oxygen  has  been  previously  removed  by  a  burning  body.  It  may 
therefore  be  anticipated  that  oxygen  is  consumed  during  respiration. 
If  a  bird  be  confined  in  a  limited  quantity  of  atmospheric  air,  it  will  at 
first  feel  no  inconvenience  ;  but  as  a  portion  of  oxygen  is  withdrawn  at 
each  inspiration,  its  quantity  diminishes  rapidly,  so  that  respiration 
soon  becomes  laborious,  and  in  a  short  time  ceases  altogether.  Should 
another  bird  be  then  introduced  into  the  same  air,  it  will  die  in  the 
course  of  a  few  seconds ;  or  if  a  lighted  candle  be  immersed  in  it,  its 
flame  will  be  extinguished.  Respiration  and  combusttorf  have  there- 
fore the  same  effect.  An  animal  cannot  live  in  an  atmosphere  which 
is  unable  to  support  combustion ;  nor  can  a  candle  burn  in  air  which 
contains  too  little  oiygen  for  respiration. 

On  the  Theory  of  Combustion.  ^ 

The  only  phenomena  of  combustion  noticed  by  an  ordinary  observer, 
are  the  destruction  of  the  burning  body,  and  the  development  of  heat 
and  light;  but  it  has  been  demonstrated  that,  in  addition  to  these  cir- 
cumstances, oxygen  gas  invariably  disappears,  and  a  new  compound, 
consisting  of  oxygen  and  the  combustible  is  generated.  The  term 
combustion,  therefore,  in  its  common  signification,  implies  the  rapid 
union  of  oxygen  gas  and  combustible  matter,  accompanied  with  heat 
and  light.  As  the  evolution  of  heat  and  light  is  dependent  on  chemi- 
cal action,  the  same  phenomena  may  be  expected  in  other  chemical 
praeesses  ;  and  accordingly  heat  and  light  are  frequently  emitted  quite 
independently  of  oxygen.  Thus  phosphorus  takes  fire,  and  a  taper 
burns  for  a  short  time,  in  a  vessel  of  chhorine ;  and  several  of  the  com- 
mon metals,  such  as  copper,  antimony,  and  arsenic,  in  a  state  of  fine 
division,  become  red-hot  when  introduced  into  a  jar  of  that  gas.  Po- 
tassium takes  fire  in  cyanogen  gas,  and  copper  leaf  or  iron  wire,  if  mo- 
derately heated,  undergoes  the  same  change  in  the  vapour  of  sulphur. 
A  mixture  of  iron  filings  and  sulphur,  when  heated  so  as  to  bring  the 
latter  into  perfect  fusion,  emits  intense  heat  and  light  at  the  instant  of 
combinatiqn ;  and  a  like  effect,  though  in  a  far  less  degree,  is  produced 
M  2 
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by  the  actioD  of  concentrated  mlphuric  acidlon  pure  masaetia.  Most 
of  these  and  similar  examples,  especially  when  one  of  the  combining 
substances  is  gaseous,  are  frequently  included  under  the  idea  of  com- 
bustion ;  and  they  certainly  belong  to  the  same  class  of  phenomena. 
In  the  subsequent  observations,  however,  I  shall  employ  the  term  in 
its  ordinary  sense ;  but  the  remarks  concerning  increase  of  tempera- 
ture, whether  with  or  without  light,  apply  equally  to  all  cases  where 
heat  is  developed  as  a  result  of  chemical  action. 

For  many  years  prior  to  the  discovery  of  oxygen  gas,  the  phenomena  . 
of  combustion  were  explained  on  the  Stahlian  or  phlogistic  hypothesis. 
All  combustible  bodies,  according  to  Stahl,  contain  a  certain  principle 
which  he  called  pMogUton,  to  the  presence  of  which  he  ascribed 
their  combustibility.  He  supposed  that  when  a  body  bums,  phlogis- 
ton escapes  from  it;  and  that  when  the  body  has  lost  phlogiston,  it 
ceases  to  be  combustible,  and  is  then  a  dephlogisticated  or  incom-  ' 
bustible  substance.  A  metallic  oxide  was  consequently  regarded  as 
a  simple  substance,  and  the  metal  itself  as  a  compound  of  its  oxide 
with  phlogiston.  The  heat  and  light  which  accompany  -combustion 
were  attributed  to  the  rapidity  with  which  phlogiston  is  evolved  dur- 
ing the  process. 

The  discovery  of  oxygen  proved  fatal  to  the  Stahlian  doctrine. 
Lavoisier  had  the  honour  of  overthrowing  it,  and  of  substituting  in  its 
place  the  antiphlogistic  theory.  The  basis  of  his  doctrine  has  already 
been  stated; — that  combuslion  and  oxidation  in  general  consist  in  the 
combination  of  the  combustible  material  with  oxygen.  This  fact  he 
established  beyond  a  doubt.  On  burning  phosphorus  in  a  jar  of  oxy- 
gen, he  observed  that  a  considerable  quantity  of  the  gas  disappeared^ 
that  the  phosphorus  gained  materially  in  weight,  and  that  the  increase 
of  the  latter  exactly  corresponded  to  the  loss  of  the  former.  An  iron 
wire  was  burnt  in  a  similar  manner,  and  the  weight  of  the  oxidized  iron 
was  found  equal  to  that  of  (he  wire  originally  employed,  added  to  the 
quantity  of  oxygen  which  had  disappeared.  That  the  oxygen  is  re- 
ally present  in  the  oxidized  body  he  proved  by  a  very  decisive  ex- 
periment. Some  liquid  mercury  was  confined  in  a  vessel  of  oxygen 
gas,  and  exposed  to  a  temperature  sufficient  for  causing  its  oxidation. 
The  oxide  of  mercury,  so  produced,  was  put  into  a  small  retort  and 
heated  to  redness,  wben  it  was  reconverted  into  oxygen  and  fluid 
mercury,  the  quantity  of  the  oxygen  being  exactly  equal  to  what  had 
combined  with  the  mercury  in  the  first  part  of  the  operation. 

To  account  for  the  production  of  heat  and  light  during  combustion, 
Lavoisier  had  recourse  to  Dr  Black's  Theory  of  latent  caloric.  Heat 
is  always  evolved,  whenever  a  substance,  without  change  of  form, 
passes  from  a  rarer  into  a  denser  state,  and  also  when  a  gas  becomes 
liquid  or  solid,  or  a  liquid  solidifies ;  because  a  quantity  of  caloric  pre- 
viously combined,  or  latent  within  it,  is  then  set  free.  Now  this  is 
precisely  what  happens  in  many  instances  of  combustion.  Thus  water 
IS  formed  by  the  burning  of  hydrogen,  in  which  case  two  gases  give 
rise  to  a  liquid  ;  and  in  forming  phosphoric  acid  with  phosphorus,  or  in 
oxidizing  the  metals,  oxygen  is  condensed  into  a  solid.  When  the 
product  of  combustion  is  gaseous,  as  in  the  burning  of  charcoal,  the 
evolution  of  heat  is  ascribed  to  the  circumstance  that  the  oxidized 
body  contains  a  less  quantity  of  combined  caloric,  or  has  a  less  speci- 
fic caloric,  than  the  substances  by  which  it  is  produced. 

This  is  the  weak  point  of  Lavoisier's  theory.  Chemical  action  is 
very  often  accompanied  by  increase  of  temperature,  and  the  caloric 
evolved  during  combustion  is  only  a  particular  instance  of  it.  Any 
theory,  therefore,  by  which  it  is  proposed  to  account  for  the  produc- 
tion of  heat  in  some  cases,  ought  to  be  applicable  to  all.    When  com- 
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boatioD,  or  any  other  cbemleal  action  w  followed  by  eoasiderable  con- 
densation, in  consequence  of  which  the  new  body  contains  less 
ittsensibio  caloric  than  its  elements  did  before  combination,  it  is 
obyioas  that  heat  will,  in  that  case,  be  disengaged.  But  if  this  is  the 
sole  cause  of  the  phenomenon,  it  follows  that  a  rise  of  temperature 
ought  always  to  be  preceded  by  a  corresponding  diminution  of  capacity 
for  caloric,  and  that  the  extent  of  the  former  ought  to  be  in  a  constant 
ratio  with  the  degree  of  the  latter.  Now  Petit  and  Dulong  infer  from 
their  researches  on  this  subject,  ( Annales  de  Chim.  et  de  Phys.  vol  x.) 
that  the  degree  of  heat  developed  during  combination,  bears  no  rela- 
tidn  to  the  specific  caloric  of  the  combining  substances;  and  that  in 
the  majority  of  cases,  the  evolution  of  heat  is  not  attended  by  any 
diminution  in  the  capacity  of  the  compound.  It  is  a  well  known  fact, 
that  increase  of  temperature  frequently  attends  chemical  action, 
though  the  products  contain  much  more  insensible  caloric  than  the  sub* 
stances  from  which  they  are  formed.  This  happens  remarkably  in  the 
explosion  of  ^npowder,  which  is  attended  by  intense  heat ;  and  yet 
its  materials,  in  passing  from  the  solid  to  the  gaseous  state,  expand  to 
at  least  250  times  their  volume,  and  consequently  render  latent  a  large 
quantity  of  caloric. 

These  circumstances  leave  no  doubt  that  the  evolution  of  caloric 
during  chemical  action  is  owing  to  some  cause  quite  unconnected 
with  that  assigned  by  Lavoisier ;  and  if  this  cause  operates  so  power- 
fully in  some  cases,  it  is  fair  to  infer  that  part  of  the  effect  must  be 
owing  to  it  on  those  occasions,  when  the  phenomena  appear  to  depend 
on  change  of  capacity  alone.  A  new  theoiy  is  therefore  required  to 
account  for  the  chemical  production  of  heat.  But  it  is  easier  to  per- 
ceive the  fallacies  of  one  doctrine,  than  to  substitute  another  which 
shall  be  faultless ;  and  it  appears  to  me  that  chemists  must,  for  the 
present,  be  satisfied  with  the  simple  statement,  that  energetic  chemi- 
cal action  does  of  itself  give  rise  to  increase  of  temperature.  Ber2e- 
lius,  in  adopting  the  electro-chemical  theorv*  regards  the  heat  of  com- 
bination as  an  electrical  phenomenon;  and  he  believes  it  to  arise  from 
the  oppositely  electrical  substances  neutralizing  one  another,  in  the 
same  manner  as  the  electric  equilibrium  is  restored  during  the  dis- 
charge of  a  Leyden  phial.  But  such  an  opinion  can  only  be  held  by 
those  who  adopt  the  electro-chemical  theory ;  and  even  admitting  the 
accuracy  of  this  doctrine,  the  reasoning  founded  on  it  by  Berzellus 
appears  to  me  inadmissible.  For,  according  to  the  theory,  the  two 
elements  of  a  compound  retain  their  peculiar  state  of  excitement. 
This  condition  is  essential  to  the  continuance  of  the  union,  and  there- 
fore the  act  of  combination  is  not  analogous  to  the  discharge  of  a 
Leyden  phial.  The  equilibrium  is  restored  in  one  case,  but  not  in 
the  other. 

The  caloric  emitted  during  combustion  varies  with  the  nature  of  the 
material.  The  effect  of  the  combustible  gases  in  raising  the  tempera- 
ture of  water,  according  to  the  experiments  of  Mr  Dalton,  is  shown 
in  the  following  table.    (Chemical  Philosophy,  IL  309.) 

Hydrogen,  in  burning,  raises  an  equal  volume  of  water       .        6**  F. 

Carbonic  oxide 4} 

Light  carburetted  hydrogen 18 

Olefiantgas 27 

Coal  gas,  varies  with  the  quality  of  the  gas  from  10  to      '  •  16 

Oil  gas,  varies  also  with  the  quality  of  the  gas  from  12  to  •  20 

Mr  Dalton  further  states  that  generally  the  combustible  gases  give 
.out  heat  nearly  in  proportion  to  the  oxygen  which  they  consume. 
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In  tbe  thirty-ieveirth  volume  of  the  An.  de  Ch.  at  Ph.  page  180, 
M«  Despretz  has  given  a  notice  of  some  experiments  on  the  beat  de- 
veloped in  combustion.  Tbe  substances  burned  were  hydrogen, 
carbon,  phosphorus,  and'  several  metals,  and  so  much  of  each  wat 
employed,  as  to  require  the  same  quantity  of  oxygen.  When  the 
combustion  of  hydrogen  gas  produced  2678  degrees  of  heat,  carbon 
gave  out  2967,  and  iron  5325.    Phosphorus,  zinc,  and  tin,  emit 

auantities  of  caloric  very  nearly  the  same  as  iron.  Hence  it  follows 
i)at,  for  equal  quantities  of  oxygen,  hydrogen  in  burning  evolves  less 
heat  than  niost  other  substances.  These  results  do  not  accord  with 
those  of  Mr  Dalton. 


SECTION  IV. 

HTDROGEM 

This  gas  was  formerly  termed  infiammable  air  from  its  combusti- 
bility, and  phlogiaten  from  the  supposition  that  it  was  the  matter  of 
heat ;  but  the  name  hydrogen,  derived  from  vJ'etg  water,  has  now  be- 
come general.  Its  nature  and  leading  properties  were  first  pointed 
out  in  the  year  1766  by  Mr  Cavendish.  (Philos.  Trans.  LVI.  144.) 
Hydrogen  gas  may  be  easily  procured  in  two  ways.  The  first  con- 
sists in  passing  the  vapour  of  water  over  metallic  iron  heated  to  red- 
ness. This  is  done  by  putting  iron  wire  into  a  gun-barrel  open  at  both 
ends,  to  one  of  which  is  attacned  a  retort  containing  pure  water,  and 
to  the  other  a  bent  tube.  The  gun-barrel  is  placed  in  a  furnace,  and 
when  it  has  acquired  a  full  red  l^at,  the  water  in  the  retort  is  made  to 
boil  briskly.  The  gaS)  which  is  copiously  disengaged  as  soon  as  the 
steam  comes  in  contact  with  the  glowing  iron,  passes  along  the  bent 
tube,  and  may  be  collected  in  convenient  vessels,  by  dipping  the  free 
extremity  of  the  tube  into  the  water  of  a  pneumatic  trough*.  The 
second  and  most  convenient  method  consists  in  putting  pieces  of  iron 
or  zinc  into  dilute  sulphuric  acid,  formed  of  one  part  of  strong  acid  to 
four  or  five  of  water.  Zinc  is  generally  preferred.  The  hydrogen  ob- 
tained in  these  processes  is  not  absolutely  pure.  The  gas  evolved 
during  the  solution  of  iron  has  an  offensive  odour,  ascribed  by  Berze- 
Uus  to  the  presence  of  a  volatile  oil,  which  may  be  almost  entirely 
removed  by  transmitting  the  gas  through  alcohol.  The  oil  appears  to 
arise  from  some  compound  being  formed  between  hydrogen  and  the 
carbon  which  is  always  contained  even  in  the  purest  kinds  of  com- 
mon iron ;  and  it  is  probable  that  a  little  carburetted  hydrogen-gas  is 
^  generated  at  the  same  time.  The  zinc  of  commerce  contains  sulphur, 
and  almost  always  traces  of  charcoal,  in  consequence  of  which  it  is 
contaminated  with  sulphuretted  hydrogen,  and  probably  with  the  same 
impurities,  though  in  a  less  degree,  as  are  derived  from  iron.  A  little 
netalliczinc  is  also  contained  in  it,  apparently  in  combination  with  hy- 
drogen. All  these  impurities,  carburetted  hydrogen  excepted,  may  be 
removed  by  passing  the  hydrogen  through  a  solution  of  pure  potassa. 
To  obtain  hydrogen  of  great  purity,  distilled  zinc  should  be  employed. 

*  The  mode  of  collecting  gases,  together  with  the  apparatus  employ- 
ed for  that  purpose,  will  be  described  in  tbe  fourth  part  of  this  work. 
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Hydrogen  is  a  colouiless  gas,  aod  has  neither  odour  nor  taste  when 
perfectly  pure.  It  is  a  powerful  refractor  of  light.  Like  oiygen,  it 
cannot  be  resolved  into  more  simple  parts,  and  Eke  that  gas,  has  hith- 
erto resisted  all  attempts  to  compress  it  into  a  liquid.  ItTs  the  lightest 
body  in -nature,  and  is  consequently  the  best  material  for  filling  bal- 
loons. From  its  extreme  lightness  it  is  difficult  to  ascertain  its  pre- 
cise density  by  weighing,  because  the  presence  of  minute  quantities  of 
common  air  or  watery  Yapour  occasions  considerable  error.  From  the 
composition  of  water,  hydrogen  gas  is  inferred  to  be  sixteen  times 
lighter  than  oxygen ;  and  the  weight  of  100  cubic  inches  at  60^  and 
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thirty  inches  of  the  barometer,  should  therefore  be  — '. ,  or  2.118 

16 
grains.    Its  specific  gravity  is  consequently  0.0694,  as  stated  some 
years  ago  by  Dr  Prout. 

Hydrogen  does  not  change  the  blue  colour  of  vegetables.  It  is 
sparingly  absorbed  hj  water,  100  cubic  inches  of  that  liquid  dissolving 
about  one  and  a  hall  of  the  gas.  It  cannot  support  respiration ;  for  an 
animal  soon  perishes  when  confined  in  it.  Death  ensues  from  depriva- 
tion of  oxygen  rather  than  from  any  noxious  quality  of  the  hydrogen ; 
since  an  atmosphere  composed  of  a  due  proportion  of  oxygen  and  hy- 
drogen gases  may  be  respired  without  inconvenience.  Nor  is  it  a 
supporter  of  combustion ;  for  when  a  lighted  candle  fixed  on  wire  is 
passed  up  into  an  inverted  jar  full  of  hydrogen,  the  light  disappears  on 
the  instant. 

Hydrogen  gas  is  inflammable  In  an  eminent  degree;  though,  like 
other  combustibles,  it  requires  the  aid  of  a  supporter  for  enabling  its 
combustion  to  take  place.  This  is  exemplified  by  the  experiment 
above  alluded  to,  in  which  the  gas  is  kindled  by  the  flame  of  the  can- 
dle, but  bums  only  where  it  is  in  contact  with  the  air.  Its  combus- 
tion, when  conducted  in  this  manner,  goes  on  tranquilly,  and  is  attend- 
ed with  a  yellowish-bloe  flame  and  a  very  feeble  light.  The  pheno- 
mena are  different  when  the  hydrogen  is  previously  mixed  with  a  due 
quantity  of  atmospheric  air.  The  approach  of  flame  not  only  sets  fire 
to  the  gas  near  it,  but  the  whole  is  kindled  at  the  same  instant ;  a  flash 
of  light  passes  through  the  mixture,  followed  by  a  violent  explosion. 
The  best  proportion  for  the  experiment  is  two  measures  of  hydrogen, 
to  five  or  six  of  air.  The  explosion  Is  far  more  violent  when  pure  oxy- 
gen is  used  instead  of  atmospti^ric  air,  particularly  when  the  gases 
are  mixed  together  in  the  ratio  of  one  measure  of  oxygen  to  two  of 
hydrogen. 

Oxygen  and  ftydrogen  gases  cannot  combine  at  ordinary  tempera- 
tures, and  may,  therefore,  be  kept  in  a  state  of  mixture  without  even 
gradual  combination  taking  place  between  them.  Hydrogen  may  be 
8et.on  fire,  when  in  contact  with  air  or  oxygen  gas,  by  flame,  by  a 
solid  body  heated  to  bright  redness,  and  by  the  electric  spark.  If  a 
Jet  of  hydrogen  be  thrown  upon  recently  prepared  spongy  platinum, 
this  metal  almost  instantly  becomes  red-hot,  and  then  sets  nre  to  the 
gas,  a  discovery  which  was  made  in  the  year  1824  by  Professor  Doe- 
bereiner  of  Jena .  The  power  of  flame  and  electricity  in  causing  a  mh[- 
ture  of  hydrogen  with  air  or  oxygen  gas  to  explode,  is  limited.  Mr 
Cavendim  found  that  flame  occasions  a  very  feeble  explosion  when 
the  hydrogen  is  mixed  with  nine  times  its  bulk  of  air ;  and  that  a  mix- 
ture of  four  measures  of  hydrogen  to  one  of  air  does  not  explode  stall. 
An  explosive  mixture  formed  of  two  measures  of  hydrogen  to  one  of 
oxygen,  explodes  from  all  the  causes  above  enumerated.  M.  Blot 
found  that  sudden  and  violent  compression  likewise  causes  an  explo- 
sion, apparently  from  the  heat  emitted  during  the  operation ;  for  an 
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equal  dei^e  of  eondensatioti,  slowly  produced,  has  not  the  same  ef- 
fect. The  electric  spark  eeases  to  cause  detonation  when  the  explo* 
sive  mixture  Is  diluted  with  twelve  times  its  Tolume  of  air,  fburteen  of 
oxygen,  or  nine  of  hydrogen,  or  when  it  is  expanded  to  sixteen  times 
its  bulk  by  dimiui^ed  pressure.  I  find  (hat  spongy  platinum  acts  just  as 
rapidly  as  flame  or  the  electric  spark  in  producing  explosion,  provided 
the  gases  are  quite  pure  and  mixed  in  the  exact  ratio  of  two  to  one*. 
When  the  action  of  heat,  the  electric  spark,  and  spongy  platinum 
no  longer  cause  an  explosion,  a  silent  and  gradual  combination  be- 
tween the  gases  may  stiH  be  oci^lsioned'by  them.  Sir  H.  Davy  ob- 
served that  oxygen  and  hydrogen  gases  unite  slowly  with  one  another* 
when  they  are  exposed  tcT  a  temperature  above  the  boiling  point  of 
mercury,  and  below  that  at  which  glass  begins  to„  appear  luminous  in 
the  dark.  An  explosive  mixture  diluted  with  air  to  too  great  a  degree 
to  explode  by  electricity,  is  made  to  unite  nlently  by  a  suecession 
of  electric  sparks.  Spongy,  platinum  causes  them  to  unite  slowly, 
thoufi^  mixed  with  one  hundred  times  their  bulk  of  oxygen  gas. 

A  large  quantity  of  caloric  is  evolved  during  the  combustion  of  by* 
drogen  gas.  Lavoisier  concludes  from 'experiments  made  with  his 
calorimeter,  (Elements,  vol.  i.)  that  one  pound  of  hydrogen  occasions 
so  much  heat  in  burning  as  is  sufficient  to  melt  295.6  pounds  of  iee* 
Mr  Dalton  fixes  the  quantity  of  ice  at  820  pounds,  and  Dr  Crawford  at 
480.  The  most  intense  heat  that  c^a  be  produced,  is  caused  by  the 
combustion  of  hydrogen  in  oxygen  gas.  Dr  Hare  of  Philadelphia,  who 
first  burned  hydrogen  for  this  purpose,  collected  (he  gases  in  separate 
gas-holders,  from  which  a  stream  was  made  to  issue  through  tubes 
communicating  with  mie  another,  just  before  their  termination.  At 
this  point  the  jet  of  the  mixed  gases  was  Inflamed.  The  effect  of  the 
combustion,  though  very  great,  is  materially  increased  by  forcing  the 
two  gases  in  due  proportion  into  a  strong  metallic  vessel  by  means  of 
a  eondensing  syringe,  and  setting'fire  to  a  jet  of  the  mixture  as  it  issues. 
An  apparatus  of  ttiis  kind,  now  known  by  the  name  of  the  oxy-hydro« 
gen  blowpipe,  was  contrived  by  Mr  Newman,  and  employed  by  the 
late  Professor  Clarke  in  his  experiments  on  the  fusion  of  refractory 
'  substances.  On  opening  a  stopcock  which  confines  the  compressed 
gases,  a  jet  of  the  explosive  mixture  issues  with  foree  through  a  small 
blowpipe  tube,  at  the  extremity  of  which  it  is  kindled.  In  this  state* 
however,  the  apparatus  should  never  be  used  ;  for  as  the  reservoir  is 
Uself  fhU  of  an  explosive  mixture,  there  is  great  danger  of  the  flame 
running  back  along  the  tube,  and  setting  fire  to  the  whole  gas  at  once.  ^ 
To  prevent  the  occurrence  of  such  an  accident,  whi^h  would  most 
probably  prove  fatal  to  the  operator,  Professor  Cumming  proposed  that 
the  gas,  as  it  issues  from  the  reservoir,  should  he  made  to  pass  through 
a  cylinder  full  of  oil  or  water,  before  reaching  the  point  at  which  it  is 
to  bum ;  and  Dr  Wolhston  suggested  the  additibnal  precaution  of  fix- 
ing successive  layers  of  fine  wire  gauze  within  the  exit  tube,  each  of 
which  would  be  capable  of  intercepting  the  communication  of  flasM. 
But  this  apparatus  is  rarely  necessary  in  chemical  researches.  A  very 
intense  heat,  quite  sufficient  for  most  purposes,  may  be  safely  and 


*  For  a  variety  of  (acts  respecting  the  causes  which  prevent  the  ac* 
tion  of  flame,  electricity,  and  platinum  in  producing  detonation,  the 
reader  may  consult  the  Essay  of  M.  Grotthus  in  the  Ann.  de  Chimia, 
vol.  Ixxxii. ;  Sir  H.  Davy's  work  on  flame  ;  Dr  Henry's  Essay  in  the 
Philosophical  Transactions  for  1824 ;  and  a  paper  by  myself  in  the 
Edinburgh  Philosophical  Journal  for  the  same  year. 
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eaoily  proeived  by  passing  a  jet  of  oxygen  gas  through  the  flame  of  a 
spirit  lamp,  as  proposed  by  the  lateDrMarcet. 

Water  is  the  sole  product  of  the  combustion  of  hydrogen  gas.  For 
this  important  fact  we  are  indebted  to  Mr  Cavendish.  He  demonstrat- 
ed it  by  burning  oxygen  and  hydrogen  gases  in  a  dry  class  vessel,  when 
a  quantity  of  pure  water  was  generated  exactly  equal  in  weight  to  that 
of  the  gases  which  had  disappeared.  This  experiment,  which  is  the 
qrntheUc  proof  of  the  composition  of  water,  was  afterwards  made  on 
a  much  larger  scale  in  Paria  by  Vauquelin,  Fourcroy,  and  Seguin. 
lAToisier  first  #lemonstrated  its  nature  analytically,  by  passing  a  known 
quantity  of  watery  vapour  over  metallic  iron  heated  to  redness  in  a  glass 
tube.  Hydrogen  gas  was  disengaged,  the  metal  in  the  tube  was  oxi- 
dized, and  the  weight  of  the  tormer,  added  to  the  increase  which 
the  iron  had  experienced  from  combining  with  oxygen,  exactly  corres* 
ponded  to  the  quantity  of  water  which  had  lieen  decomposed. 

It  will  soon  appear  that  a  knowledge  of  the  exact  proportions  in 
which  oxygen  and  hydrogen  gases  Unite  to  form  water,  is  a  necessary 
element  in  many  chemical  reasonings.  Its  composition  by  volume 
was  demonstrated  very  satisfactorily  by  Messrs  NicholiMn  and  Carlisle, 
in  their  researches  en  the  chemical  agency  of  galvanism^-  On  resolv- 
ing water  into  its  elements  by  this  agent,  and  collecting  them  in 
separate  vessels,  they  obtained  precisely  two  measures  of  hydrogen 
to  one  of  oxygen,-^a  result  which  has  been  folly  confirmed  by  subse- 
quent experimenters.  The  same  fact  was  proved  synthetically  by 
Gay-Lussac  and  Humboldt,  in  their  Essay  on  Eodiometnr,  published 
in  the  Journal  de  Physique  for  1805.  They  found  that  when  a 
mixture  of  oxygen  and  hydrogen  is  inflamed  by  the  electric  spark,  ' 
those  gases  always  unite  in  the  exact  rati9  of  one  to  two,  whatever 
may  be  their  relative  quantity  in  the  mixture.  When  one  measure  of 
oxygen  is  mixed  with  three  of  hydrogen,  one  measure  of  hydrogen  is 
the  residue  after  the  explosion ;  and  a  mixture  of  two  measures  of 
oxygen  and  two  of  hydrogen  leaves  one  measure  of  oxygen.  When 
one  volume  of  oxygen  is  mixed  with  two  of  hydrogen,  both  gases,  if 
quite  pure,  disappear  entirely  on  the  electric  spark'  being  passed 
tiirough  them.  The  composition  of  water  by  weight  was  determin- 
ed with  great  care  by  Berzelius  and  Dulong ;  and  we  cannot  hesitate, 
considering  the  known  dexterity  of  the  operators,  and  the  principle  on 
which  their  method  of  analysis  was  founded,  to  regard  their  result  as 
a  nearer  approximation  to  the  truth  than  that  of  any  of  their  prede- 
cessors. They  state  as  a* mean  of  three  careful  experiments,  (Ann. 
de  Cb.  et  de  Ph.  vol.  xv.)  that  100  parts  of  pure  water  consist  of  88.9 
of  oxygen  and  li.l  of  hydrogen.    Now, 
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which  ia  so  near  the  proportion  of  1  to  8  as  to  justify  the  adoption  of 
that  ratio.  Hence,  the  constitution  of  water  by  weight  and  measure, 
may  be  thus  stated : 

By  Weight.       By  Volume. 

Oxygen      .        8        .        .        1 

Hydrogen  .        1        .        .        2 

These  are  the  data  from  which  it  was  inferred  that  oxygen  gas  is  just 
16  times  heavier  than  hydrogen.  The  atomic  weights  ot  oxygen  and 
hydrogen  are  deduced  from  the  same  analysis.  As  no  compound  of 
these  substanceais  known  which  has  a  less  proportion  of  oxygen  than 
water,  it  is  supposed  to  contain  one  atom  of  each  of  iu  constituents. 
This  view  of  the  atomic  constitution  of  water  appears  to  be  justified  by 
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the  strong  affinity  which  its  elements  evince  for  one  another,  as  well 
as  from  the  proportions  with  which  they  respectively  combine  with 
other  bodies.  Consequently,  regarding  the  atom  of  hydrogen  as  unity, 
8  will  be  the  relative  weight  of  an  atom  of  oxygen. 

The  processes  for  procuring  a  supply  of  hydrogen  gas  will  now  be 
intjejligible.  The  first  is  the  method  by  which  Lavoisier  made  the 
analysis  of  water.  It  is  founded  on  the  fact  that  iron  at  a  red  heat  de- 
composes water,  the  oxygen  of  that  liquid  uniting  with  (he  metal,  and 
the  hydrogen  gas  being  set  free.  That  the  hydrogen  which  is  evolv- 
ed when  the  zinc  or  iron  is  put  into  dilute  sulphuric  acid  must  be 
derived  from  the  same  source,  is  obvious  from  the  consideration  that 
of  the  three  substances,  iron,  sulphuric  acid,  and  water,  the  last  is  the 
Only  one  which  contains  hydrogen.  The  product  of  the  operation, 
besides  hydrogen,  is  the  sulphate  of  the  protoxide  of  iron,  if  iron  is 
used,  or  of  the  oxide  of  zinc,  when  zinc  is  employed.  The  know* 
ledge  of  the  combining  proportions  of  these  substances  will  readily 
give  the  exact  quantity  of  each  product.    These  numbers  are, 

Water  (8  oxy. +1  hyd.)      ...  9 

Sulphuric  acid  •         ...        40 

Iron  .  ....        28 

Ptotoxide  of  iron  (28  iron  -j^S  oxygen)        36 
Sulphate  of  the  protoxide  of  iron  (40+86)  76 

Hence  for  every  9  grains  of  water  which  are  decomposed,  1  grain  of 
hydrogen  will  be  set  free ;  8  grains  of  oxygen  will  unite  with  28  grains 
of  iron,  forming  36  of  the  protoxide  of  iron ;  and  the  36  grains  of  the 
protoxide  will  combine  with  40  grains  of  sulphuric  acid,  yielding  76  of 
the  sulphate  of  the  protoxide  of  iron.  A  similar  calculation  may  be 
employed  when  zinc  is  used,  merely  by  substituting  the  atomic  weight 
of  zinc  (34)  for  that  of  iron.— According  to  Mr  Cavendish,  an  ounce 
of  zinc  yields  676  cubic  inches,  and  an  equal  quantity  of  iron  782 
cubic  inches  of  hydrogen  gas. 

.  The  action  of  diluted  sulphuric  acid  on  metallic  zinc  affords  an  in«> 
stance  of  what  was  once  called  Disposing  Affinity,  Zinc  cannot 
decompose  water  at  common  temperatures ;  but  as  soon  as  sulphuric 
acid  is  added,  the  decomposition  of  the  water  takes  place  rapidly, 
though  the  acid  merely  unites  with  the  oxide  of  zinc.  The  former 
explanation  was,  that  tne  affinity  of  the  acid  for  the  oxide  of  zinc  dis- 
posed the  metal  to  unite  with  the  oxygen,  and  thus  enabled  it  to  de- 
compose water ;  that  is,  the  oxide  of  zinc  was  supposed  to  produce  an 
effect  previous  to  its  existence.  The  obscurity  of  this  explanation 
arises  from  regarding  changes  as  consecutive,  which  are  in  reality 
simultaneous.  There  is  no  appearance  of  succession  in  the  process ; 
the  oxide  of  zinc  is  not  formed  previously  to  its  combination  with  the 
acid,  but  at  the  same  instant  There  is,  as  it  were,  only  one  chemical 
change,  which  consists  in  the  combination,  at  one  and  the  same  mo- 
ment, of  the  zinc  with  the  oxygen,  and  the  oxide  of  zinc  with  the  acid ; 
and  this  change  occurs  because  these  two  affinities,  acting  together, 
overcome  the  attraction  of  oxygen  and  hydrogen  for  one  another. 

Water  is  a  transparent  colourless  liquid,  which  has  neither  smell  nor 
taste.  It  is  a  powerful  refractor  of  light,  conducts  heat  very  slowly, 
and  is  an  imperfect  conductor  of  electricity.  It  is  compressible  by  very 
strone  pressure.  The  fact  was  long  disputed ;  but  Mr  Perkins  finds 
that  me  pressure  of  2000  atmospheres  occasions  a  diminution  of  l-12th 
of  its  bulk.  According  to  the  experiments  of  Professor  Oersted,  this 
estimate  is  far  too  great  (Edin.  Journal  of  Science,  N<r.  XII.  p.  201.) 
The  relations  of  water,  with  respect  to  caloric,  are  highly  important. 
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but  have  already  batn  diacassed  m  tha  fifit  part  of  the  work.  The 
specific  eravlty  of  water  is  1,  the  density  of  all  solid  and  liquid  bodiies 
being  referred  to  it  as  a  term  of  comparison.  One  cubic  inch  at  W* 
F.  and  80  Bar.,  weighs  262.625  gmins,  so  that  it  is  828  times  heavier 
than  atmos|^rte  air. 

Water  is  one  of  the  most  powerful  chemical  agents  which  we  pes- 
sess.  Its  agency  is  owing  partly  to  the  extensive  range  of  its  own 
affinity,  and  partly  to  the  nature  of  its  elements.  The  effect  of  the 
last  circonistanee  has  already  appeared  in  the  process  for  procuring 
hydrogen  gas ;  and  indeed  there  are  few  couples  chemical  changes 
which  do  not  give  rise  either  to  the  production  or  decomposilioQ  of 
water.  But,  independently  of  the  elements  of  which  it  is  composed, 
it  combines  directly  with  many  bodies,  n  -Spmetimes  it  is  contained  in 
a  variable  ratio,  as  in  ordinary  solution ;  in  other  compounds  It  is  pre- 

'  sent  in  a  fixed  definite  proportion,  as  is  exemplified  by  its  union  with 
several  of  the  acids,  the  allialies,  and  all  salts  that  contain  water  of 
crystallization.  These  combinations  are  termed  hydrates  ;  thus,  cos* 
centrated  8ul|4)uric  acid  is  a  compound  of  one  equivalent  of  the  real 
diy  acid  and  one  equivalent  of  water ;  and  its  proper  name  is  hudxout 
BtUphuric  acid,  or  hydrate  of  aviphuric  add.  The  adjunct  hydro  haa 
been  sometimes  used  to  signify  the  presence  of  water  in  definite  pro- 
portion ;  but  it  is  advisable,  to  prevent  mistakes,  to  limit  its  employ- 
ment to  the  compounds  of  hydrogen. 

The  purest  water  which  can  be  found  as  a  natural  product,  is  pro* 
cured  by  melting  freshly  fallen  snow,  or  by  receiving  rain  in  clean 
vessels  at  a  distance  from  bouses.  But  this  water  is  not  absolutely 
pure ;  for  if  placed  under  the  exhausted  receiver  of  an  air-pump,  or 
botled  briskly  for  a  few  minutes,  bubbles  of  gas  escape  from  it.  The 
air  obtained  in  this  way  from  snow  water,  is  much  richer  in  oxygen  gas 
than  atmospheric  air.  According  to  the  experiments  of  Gay-Lussac 
and  Humboldt,  it  contains  34.8  per  cent  of  oxygen,  and  the  air 
separated  by  ebullition  from  rain-water  contains  82 per  cent  of  that  gas. 
AU  water  which  has  once  fallen  on  the  ground,  becomes  impregnated 

,  with  more  or  less  earthy  or  saline  matters,  and  it  can  be  separated 
from  them  only  by  distillation.  The  distilled  water,  thus  obtained, 
and  preserved  in  clean  well-stopped  bottles,  is  absolutely  pure.  Re* 
cently  boiled  water  has  the  property  of  absorbing  a  portion  of  all 
gases,  when  its  surface  is  in  contact  with  them ;  and  the  absorption  is 
promoted  by  brisk  agitation.  The  following  table,  from  Dr  Henry's 
Chemistry,  shows  the  absorbability  of  different  gases  by  water,  de-' 
prived  of  all  its  air  by  ebullition. 

100  cubic  inches  of  such  water,  at  the  mean  temperature  and  pres- 
sure, absorb  of 

Sulphuretted  Hydrogen 
Carbonic  Acid 
Nitrous  Oxide 
Olefiant  Gas 
Oxygen 

Carbonic  Oxide 
Nitrogen 
Hydrogen 

f^The  estimate  of  Saussure  is  in  general  too  high.  That  of  Mr  Dal- 
ton  and  Dr  Henry  for  nitrous  oxide  is  considerably  beyond  the  truth, 
according  to  the  experiments  of  Sir  H.  Davy. 

N 


DaUon  and  Henry, 

Saussttre. 

100  cubic  in. 

268 

100 

106 

100 

76 

12.6 

16.8 

3.7 

6,6 

1.66 

6.2 

1.6« 

4.1 

1.66 

4.6 
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Deutoxide  of  Hydrogen. 

The  dentoxidej  or  peroxide  of  hydrogen,  was  discovered  by  M.  The- 
nard  in  the  year  1818.  Before  describing  the  mode  of  preparing  this 
compound,  it  must  be  observed  that  there  are  two  oxides  of  barium, 
and  that  when  the  peroxide  of  that  metal  is  put  into  water  containing 
free  muriatic  acid,  oxygen  gas  is  set  at  liberty,  and  the  peroxide  is  con- 
verted into  the  protoxide  of  barium  or  baryta,  which  combines  with 
the  acid.  When  this  process  is  conducted  with  the  necessary  precau- 
tioT^,  the  oxygen  which  is  set  free,  instead  of  escaping  in  the  form' of 
gas,  unites  with  the  hydrogen  of  the  water,  and  brings  it  to  a  maxi- 
mum of  oxidation.  For  a  full  detail  of  all  the  minutia  of  the  process, 
the  reader  may  consult  th^  original  memoir  of  M.  Thenard*  ;  the  ge- 
neral directions  are  the  following : — To  six  or  seven  ounces  of  water, 
add  so  much  pure  concentrated  muriatic  acid  as  is  sufficient  to  dissolve 
280  grains  of  baryta,  and  after  having  placed  the  mixed  fluids  in  a  glass 
vessel  surrounded  with  ice,  add  in  successive  portions  185  grains  of 
the  deutoxide  of  barium  reduced  to  powder,  and  stir  with  a  glass  rod 
after  each  addition.  When  the  solution,  which  takes  place  without 
effervescence,  is  complete,  sulphuric  acid  is  added  in  sufficient  quantity 
for  precipitating  the  whole  of  the  baryta  in  the  form  of  an  insoluble 
sulphate,  so  that  the  muriatic  acid  which  had  been  combined  with 
that  earth  is  completely  separated  from  it.  Another  portion  of  the 
deutoxide  of  barium,  amounting  to  185  grains,  is  then  put  into  the 
liquid  ;  the  free  muriatic  acid  instantly  acts  upon  it,  and  as  soon  as  it 
is  dissolved,  the  baryta  is  again  converted  into  a  sulphate  by  the  addi- 
tion of  sulphuric  acid.  Tl^  solution  is  then  filtered  in  order  to  sepa- 
rate the  insoluble  sulphate  of  baryta,  and  fresh  quantities  of  the  perox- 
ide'of  barium  are  added  in  succession,  till  about  three  ounces  have 
been  employed.  The  liquid  then  contains  from  25  to  30  times  its 
volume  of  oxygen  gas.  The  muriatic  acid  which  has  served  to  de- 
compose the  peroxide  of  barium  during  the  whole  process,  is  now  re- 
moved by  the. cautious  addition  of  the  sulphate  of  silver,  and  the  sul- 
phuric acid  afterwards  separated  by  solid  baryta. 

The  peroxide  of  hydrogen,  as  thus  prepared,  is  still  diluted  with  a 
considerable  quantity  of  water.  To  separate  the  latter,  the  mixed  li- 
quids are  placed  under  the  exhausted  receiver  of  an  air  pump,  with  a 
vessel  of  strong  sulphuric  acid.  As  the  water  evaporates,  the  density 
of  the  residue  increases,  till  at  last  it  acquires  the  specific  gravity  of 
1.452.  The  concentration  cannot  be  pushed  further ;  for  if  kept  under 
the  receiver  after  reaching  this  point,  the  peroxide  itself  gradually  but 
slowly  volatilizes  without  change. 

The  peroxide  of  hydrogen  of  specific  gravity  1.452  is  a  colourless 
transparent  liquid  without  odour.  It  whitens  the  surface  of  the  skin 
when  applied  to  it,  causes  a  prickling  sensation,  and  even  destroys  its 
texture  if  the  application  is  long  continued.  It  acts  in  a  similar  man- 
ner on  the  tongue,  in  additioia  to  which  it  thickens  the  saliva,  and 
tastes  like  certain  metallic  solutions.  Brought  into  contact  with  lit- 
mus and  turmeric  paper,  it  gradually  destroys  their  colour  and  makes 
them  white.  It  is  slowly  volatilized  in  vacuo,  which  shows  that  its 
vapour  is  much  less  elastic  than  that  of  water.  It  preserves  its 
liquid  form  at  all  degrees  of  cold  to  which  it  has  hitherto  been  expos- 
ed.   At  the  temperature  of  59''  F.  it  is  decomposed,  being  converted  in- 

*  In  the  An.  de  Chlm.  et  de  Phys.  vol.  viii.  ix.  and  x. ;  Annals  of  Phi- 
losophy vol..xiii.  and  xiv.;  and  M.  T^enard's  Traits  de  Chimie. 
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to  watej:  and  oxygen  g^s.    For  this  reason  it  ought  to  be  preserved  to 
glass  tubes  surrounded  with  ice. 

The  most  remarkable  property  of  the  peroxide  of  hydrogen  is  the 
facility  with  which  it  is  decomposed.  The  difiused  daylight  does  not 
seem  to  exert  any  influence  over  it,  and  even  the  direct  solar  rays  act 
upon  it  tardily.  It  effervesces  from  the  escape  of  oxygen  at  59°  F. . 
and  the  sudden  application  of  a  higher  temperature,  as  of  212^  F. 
gives  rise  to  such  rapid  evolution  of  gas  as  to  cause  an  explosion. 
Water,  apparently  by  combining  with  the  peroxide,  renders  it  more 
permanent ;  but  no  degree  of  dilution  can  enable  it  to  bear  the  beat  of 
boiling  water,  at  which  temperature  it  is  decomposed  entirely.  All 
the  metals  except  iron,  tin,  antimony  and  tellurium,  have  a  tendency 
to  decompose  the  peroxide  of  hydrogen,  converting  it  into  oxygen  and 
water.  A  state  of  minute  mechanical  division  is  essential  for  produc- 
ing rapid  decomposition.  If  the  metal  is  in  mass,  and  the  peroxide 
diluted  with  water,  the  action  is  slow.  The  metals  which  have  a 
strong  affinity  for  oxygen  are  oxidized  at  the  same  time,  such  as  po- 
tassium, sodium,  arsenic,  molybdenum,  manganese,  zinc,  tungsten, 
and  chromium  ;  while  others,  such  as  gold,  silver,  platinum,  iridium, 
osmium,  rhodium,  palladium,  and  mercury,  retain  the  metallic  state. 

The  peroxide  of  hydrogen  is  decomposed  at  common  temperatures 
by  man^  of  the  metallic  oxides.  That  some  of  the  protoxides  should 
have  this  effect,  would  be  anticipated  in  consequence  of  their  tenden- 
cy to  pass  into  a  higher  state  of  oxidation.  The  protoxides  of  iron, 
manganese,  tin,  cobalt,  and  others,  act  on  this  principle,  and  are  really 
converted  into  peroxides.  The  peroxides  of  barium,  strontium  and 
calcium  may  likewise  be  formed  by  the  action  of  the  peroxide  of  hy- 
drogen on  baryta,  strontia  and  lime.  But  it  is  a  singular  fact,  and  I 
am  not  aware  that  any  satisfactory  explanation  of  it  has  been  given, 
that  some  oxides  decompose  the  peroxide  of  hydrogen  without  passing 
into  a  higher  degree  of  oxidation.  The  peroxides  of  silver,  lead,  mer- 
cury, gold,  platinum,  manganese,  and  cobalt,  possess  this  property  in 
the  greatest  perfection,  acting  on  the  peroxide  of  hydrogen,  when  con- 
centrated, with  surprising  energy.  The  decomposition  is  complete 
and  instantaneous ;  oxygen  gas  is  evolved  so  rapidly  as  to  produce  a 
kind  of  explosion,  and  such  intense  temperature  is  excited,  that  the 
glass  tube  in  which  the  experiment  is  conducted  becomes  red-hot. 
The  reaction  is  very  great  even  when  the  per(»ide  of  hydrogen  is  di- 
luted with  water.  The  oxide  of  silver  occasions  a  very  perceptible 
effervescence  when  put  into  water  which  contains  only  l-60th  of  its 
bulk  of  oxygen.  All  the  metallic  oxides,  which  are  decomposed  by  a 
red  heat,  such  as  those  of  gold,  platinum,  silver,  and  mercury,  are  re- 
duced to  the  metallic  state  when  they  act  upon  the  peroxide  of  hydro- 
gen. This  effect  cannot  be  altogether  ascribed  to  the  caloric  disen- 
gaged during  the  action ;  for  the  oxide  of  silver  suffers  reduction  when 
put  into  a  very  dilute  solution  of  the  peroxide,  although  the  decompo- 
sition is  not  then  attended  by  an  appreciable  rise  of  temperature. 

While  the  tendency  of  metals  and  metallic  oxides  is  to  decompose 
the  peroxide  of  hydrogen,  acids  have  the  property  o(  rendering  It  more 
stable.  In  proof  of  this,  let  a  portion  of  that  liquid,  somewhat  diluted 
with  water,  be  heated  till  it  begins  to  effervesce  from  the  escape  of 
oxygen  gas ;  let  some  strong  acid,  as  the  nitric,  sulphuric,  or  muriatic, 
be  then  dropped  into  it,  and  the  effervescence  will  cease  on  the  in- 
stant. When  a  little  gold  in  a  state  of  fine  division  is  put  into  a  weak 
solution  of  the  peroxide  of  hydrogen,  containing  only  10, 20,  or  30  times 
its  bulk  of  oxy|^n,  brisk  effervescence  ensues ;  but  on  letting  one  drop 
of  sulphuric  acid  fall  into  it,  the  effervescence  ceases  instantly ;  it  is  re- 
produced by  the  addition  of  potassa,  and  is  again  arrested  by  adding  a 
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•ecood  portion  of  acid.  The  only  acids  that  do  not  possesi  tfaii  pro* 
perty  are  those  that  have  a  low  degree  of  acidity,  as  the  carbonic  and 
boracic  acids ;  or  those  which  su&r  a  chemical  change  when  mixed 
with  the  peroxide  of  hydrogen,  such  as  the  hydriodic  and  sulphurous 
acids,  and  sulphuretted  hydrogen.  Acids  appear  to  increase  the  sta- 
.  bility  of  the  peroxide  in  the  same  way  as  water  does,  namely,  by  com- 
bining chemically  with  it.  Several  compounds  of  this  kind  were 
formed  by  Theoard,  before  he  was  aware  of  the  existence  of  the  per- 
oxide  of  hydrogen.  They  were  made  by  dissolving  the  peroxide  of 
bM-ium  in  some  dilute  acid,  such  as  the  nitric,  and  then  precipitating 
the  baryta  by  sulphuric  acid.  As  the  nitric  acid  was  supposed  under 
these  circumstances  to  combine  with  an  additional  Quantity  of  oxygen, 
Theoard  applied  the  term  oxygenized  nitric  acid  to  the  resulting  com- 
pound, and  described  several  other  new  acids  under  a  similar  title. 
But  the  subsequent  discovery  of  the  peroxide  of  hydrogen  put  the  na- 
ture of  the  oxygenized  acids  in  a  clearer  light ;  for  their  properties  are 
easily  explicable  on  the  supposition  that  they  are  composed,  not  of 
acids  and  oxygen  gas«  but  of  acids  united  with  the  peroxide  of  hydro- 
gen. 

The  peroxide  of  hydrogen  was  analyzed  by  diluting  a  known  weight 
of  it  with  water,  and  then  decomposing  it  by  boiling  the  solution. 
According  to  two  careful  analyses,  conducted  on  this  principle,  864 
parts  of  the  peroxide  of  hydrogen  are  composed  of  466  of  water,  and 
898  of  oxygen  gas.  The  466  of  water  contain  414  of  oxygen,  whence 
it  may  be  inferred  that  the  peroxide  of  hydrogen  contains  twice  as 
much  oxygen  as  water.  A  small  deficiency  ofoxygen  in  the  experi- 
ment was  to  be  expected,  owing  to  the  difficulty  of  obtaining  the  per- 
oxide of  hydrogen  perfectly  free  from,  water.  The  peroxide  consists, 
therefore,  of 

Hydrogen  1        one  proportion. 

Oxygen  16        two  proportions. 


SECTION  V. 
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The  existence  of  nitrogen  gas,  as  distinct  from  every  other  gaseous 
substance,  appears  to  have  been  first  noticed  by  the  late  Dr  Kuther- 
ford  in  1772.  Lavoisier  discovered  in  1775  that  it  is  a  constituent 
part  of  the  atmosphere,  and  the  same  discovery  was  made  soon  after, 
or  about  the  same  time,  by  Scbeele.  Lavoisier  called  it  JizoU  from  « 
privcUwe,  and  ^»ii  life,  because  it  is  unable  to  support  the  respiration 
of  animals ;  but  as  it  possesses  this  negative  property  in  common  with 
most  other  gases,  the  more  appropriate  term  nitrogen  has  been  since 
applied  to  it,  from,  the  circumstance  of  its  being  an  essential  ingredient 
of  nitric  acid.     ' 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece  of  phos- 
pborus  in  a  jar  full  of  air  inverted  over  water.  The  strong  affinity  of 
phosphorus  for  oxygen  enables  it  to  burn  till  the  whole  of  that  gas  is 
emsumed.  The  product  of  the  combustion,  phosphoric  acid,  is  at 
first  dtffiised  through  the  residue  in  the  form  of  a  white  cloud ;  but  as 
this  sulntance  is  rapidly  absorbed  by  water,  it  disappears  entirely  la 
the  course  of  half  an  hour.    TIm  residoal  gas  is  nitrogen,  containing  a 
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small  quantity  of  carbonic  acid  and  vapour  of  phoaphoras,  both  of 
which  may  be  removed  by  agitating  it  briskly  with  a  solution  of  pure 
potassa.  Several  other  substances  may  be  employed  for  withdrawing  the 
oxygen  from  atmospheric  air.  A  solution  of  the  proto-sulphate  of  iron, 
charged  with  the  deutoxide  of  nitrogen,  absorbs  the  oxygen  in  the 
space  of  a  few  minutes.  A  sticli  of  phosphorus  produces  the  same 
effect  in  24  hours,  if  exposed  to  a  temperature  of  60^  F.  A  solution  of 
the  suipburet  of  potassa  or  of  lime  acts  in  a  similar  manner ;  and  a 
mixture  of  equal  parts  of  iron  filings  and  sulphur,  made  into  a  paste  with 
water,  may  be  employed  with  the  same  intention.  Both  these  pro- 
cesses,  however,  are  inconvenient  from  their  slowness.  Nitrogen  gas 
may  likewise  be  obtained  by  exposing  a  mixture  of  fresh  muscle  and 
nitric  acid  of  specific  gravity  1.20  to  a  moderate  temperature. 
Effervescence  then  takes  place,  and  a  large  quantity  of  gaseous  mat- 
ter is  evolved,  which  is  nitrogen  mixed  with  a  little  carbonic  acid. 
The  latter  must  be  removed  by  agitation  with  lime-water ;  but  the 
residue  still  retains  a  peculiar  odour,  indicative  of  the  presence  of  some 
volatile  principle  which  cannot  be  wholly  separated  from  it.  The 
theory  of  this  process  »  somewhat-  complex,  and  will  be  considered 
more  conveniently  in  a  subsequent  part  of  the  work. 

Pure  nitrogen  is  a  colourless  gas,  wholly  devoid  of  smell  and  tiste. 
It  does  not  change  the  blue  colour  of  vegetables,  and  is  distinguished 
from  other  gases  more  by  negative  characters  than  any  striking  quality. 
.  It  is  not  a  supporter  of  combustion ;  but,  on  the  contrary,  extinguishes 
all  burning  bodies  that  are  immersed  in  ft.  No  animal  can  live  in  it ; 
but  yet  it  exerts  no  injurious  action  either  on  the  lungs  or  on  the  sys- 
tem at  large,  the  privation  of  oxygen  eas  being  the  sole  cause  of  death. 
It  is  not  inflammable  like  hydrogen,  tliough,  under  favourable  circum- 
stances, It  may  be  made  to  unite  with  oxygen.  Water,  when  depriv- 
ed of  air  by  ebullition,  takes  up  about  one  and  a  half  per  cent  of  it. 
Its  specific  gravity  is  0.9722* ;  and  therefore  100  cubic  inches  at  the 
mean  temperature  and  pressure,  will  weigh  29.662  grains. 

Considerable  doubt  exists  as  to  the  nature  of  nitrogen.  Though 
ranked  among  the  simple  non-metallic  bodies,  some  circumstances 
have  led  to  the  suspicion  that  it  is  compound,  and  this  opinion  has 
been  warmly  advocated  by  Sir  H.  Davy  and  fierzeiius.  The  chief 
argument  in  favour  of  this  view  is  drawn  from  the  phenomena  that  at- 
tend the  formation  of  what  is  called  the  ammoniacal  amalgam. 
From  the  metallic  appearance  of  this  substance,  it  was  supposed  to  be 
a  compound  of  mercury  and  a  metal  ;*and  as  the  only  method  of  form- 
ing it  is  by  the  action  of  galvanism  on  a  salt  of  ammonia,  "in  contact 
with  a  globule  of  mercury,  it  follows  that  the  metal,  if  present  at  all, 
must  have  been  supplied  by  the  ammonia.  Now  ammonia  is  com- 
posed of  hydrogen  and  nitrogen ;  and  as  the  fonner,  from  its  levity, 
could  hardly  be  supposed  to  contain  a  metal,  it  was  inferred  that  it 
must  be  present  in  the  latter.  Unfortunately  for  this  argument,  the 
supposed  metal  cannot  be  obtained  in  a  separate  state.  The  amalgam 
no  sooner  ceases  to  be  under  the  galvanic  influence  than  its  elements 
begin  to  separate  spontaneously,  and  in  a  few  minutes  the  decomposi- 
tion is  complete,  the  sole  products  being  ammonia,  hydrogen,  and 
pure  mercury.  Sir  H.  Davy  accounts  for  this  change  on  the  supposi- 
tion that  water  is  decomposed ;  that  its  oxygen  reproduces  nitrogen 

*  This  number  is  calculated  on  the  assumption  that  air  consists  of 
one  measure  of  oxygen  to  four  of  nitrogen,  and  that  1.1111  is  the 
specific  gravity  of  oxygen  gas.    See  Thomson's  First  Principles,  vol. 
i.  p.  99.     . 
N  2 
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by  ttttiting  with  the  suppoMd  metal;  and  that  one  part  of  its  hydrogen 
forms  ammonia  by  uniting  with  the  nitrogen,  while  the  remainder 
escapes  in  the  form  of  gas.  But  Oay-Lussec  and  Thenard,  (Recher- 
ches  Physico-Chimiques,  vol.  i.)  declare  that  the  amalgam  resoWes 
Itself  into  mercury,  ammonia,  and  hydrogen,  even  though  perfectly  free 
from  moisture ;  and  infer  from  their  experiments  that  it  is  composed  of 
those  three  substances  combined  directly  with  one  another.  It  hence 
appears  that  the  esaminatioo  of  the  amraouiacai  amalgam  affords  no 
proof  of  the  compound  nature  of  nitroffen ;  nor  was  Sir  H.  Davy's 
attempt  to  decompose  that  gas  by  aid  of  potassium,  intensely  heated 
by  a  ealvanic  current,  attended  with  better  success.  Berzelius  has 
defended  the  idea  that  nitrogen  is  a  compound  body  on  other  princi- 
ples ;  but  as  his  arguments,  though  very  ingenious,  are  merely  specu- 
lative, they  cannot  be  admitted  as  decisive  of  the  question. 

On  the  Atmosphere. 

The  earth  is  every  where  surrounded  by  a  mass  of  gaseous  matter 
called  the  atmosphere,  which  is  preserved  at  its  8urfacel)y  the  force  of 
gravity,  and  revolves  together  with  it  around  the  sun.  It  is  colourless 
and  in?isible ;  excites  neither  taste  nor  smell  when  pure,  and  is  not 
sensible  to  the  touch  unless  when  it  Is  in  motion.  It  possesses  the 
physical  properties  of  elastic  fluids  in  a  high  degree.  The  knowledge 
of  its  exact  weight  is  an  esseutial  element  in  many  physical  and  che- 
mical researches,  and  has  therefore  been  determined  with  much  care. 
According  to  the  experiments  of  Sir  G.  Shuckbureh  Evelyn,  100  cubic 
inches  of  pure  and  dry  atmospheric  air  at  60°  F.  and  30  Bar.  weigh 
exactly  30.5  grains*.  Its  specific  gravity  is  unity,  being  the  standard 
with  which  the  density  of  all  other  elastic  fluids  is  compared.  It  is 
828  times  lighter  than  water,  and  near  11,260  times  lighter  than  mercury. 

The  pressure  of  the  atmosphere  was  first  noticed  early  in  the  seven* 
teenth  century  by  Galileo,  and  was  afterwards  demonstrated  by  his 
pupil  Torricelli,  to  whom  science  is  indebted  for  the  invention  of  the 
barometer.  Its  pressure  at  the  level  of  the  sea  is  equal  to  a  weight 
of  about  15  pounds  on  every  square  inch  of  surface,  and  is  capable  of 
supporting  a  column  of  water  34  feet  high,  and  one  of  mercury  of  30 
inches ;  that  is,  a  column  of  mercury  one  inch  square  and  30  inches 
long  has  the  same  weight  (nearly  15  pounds)  as  a  column  of  water  of 
the  same  size  and  34  feet  long,  and  as  a  column  of  air  of  the  same 
size  reaching  from  the  level  of  the  sea  to  the  extreme  limit  of 
the  atmosphere.  By  the  use  of  the  barometer  it  was  discovered  that 
the  atmospheric  pressure  is  variable.  It  varies  according  to  the  eleva- 
tion above  the  level  of  the  sea,  and  on  this  piinciple  the  height  of 
mountains  is  estimated.  Supposing  the  density  of  the  atmosphere  to 
be  uniform,  a  fall  of  one  inch  in  the  barometer  would  correspond  to 
11,260  inches  or  938  feet  of  air;  but  in  order  to  make  the  calculation 
with  accuracy,  allowance  must  be  made  for  the  increasing  rarity  of 
the  air,  and  for  various  other  circumstances  which  are  detailed  in 
works  on  meteorology.  (Danieirs  Meteorological  Bssays,  2d  edit.  876.) 
From  causes  at  present  not  understood,  the  pressure  varies  likewise 
at  the  same  place.  On  this  depei^ds  the  indications  of  the  barometer 
as  a  weather-glass ;  for  observation  has  fully  proved,  that  the  weather 
is  commonly  fair  and  calm  when  the  barometer  is  high,  and  usually 
wet  and  stormy  when  the  mercury  falls. 

*  See  note  referring  to  Dr  Prout'ii  recent  experiments  on  the  weight 
of  pure  atmospheric  air,  page  99.    B. 
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Almocpberic  air  is  highly  compfessible  and  eUatie^  to  that  ita  parii* 
elea  admit  of  beiog  approximated  to  a  great  extent  by  compreiaieii, 
aad  expand  to  an  extreme  degree  of  rarity,  when  the  tendency  of  its 
particles  to  separate  is  not  restrained  by  external  force.  It  has  been 
found  experimentally  that  the  volume  of  ai^  and  all  other  gaseous  flu* 
ids,  so  long  as  they  retain  the  elastic  state,  is  inyersely  as  the  pressure 
to  which  they  are  exposed.  Thus  a  portion  of  air  which  occupies  100 
measures  when  compressed  by  a  force  of  one  pound,  wiU  be  diminish- 
ed to  50  measures  when  the  pressure  is  doubled,  and  will  expand  to 
SOO  measures  when  the  compression  is  equal  to  half  a  pound.  This 
law  was  first  demonstrated  in  1662  by  the  celebrated  Boyle,  and  a  sf 
eond  demonstration  of  it  was  given  some  years  afterwards  by  the 
French  philosopher  M.  Mariotte,  apparently  without  bein^  aware  that 
the  discovery  had  been  previously  made  in  England.  It  is  hence  (re- 
quently  called  the  law  of  Mariotte.  Till  lately  it  had  not  been 
verified  for  very  great  pressures ;  but  from  the  experiments  of  Oer- 
sted in  1825,  who  extended  his  observations  to  air  compressed  bf 
a  force  equal  to  110  atmospheres,  it  may  be  inferred  to  be  quite 
general,^  except  when  the  gaseous  matter  assumes  the  liquid  form*. 
(Edinb.  Journal  of  Science,  No.  VIII.  p.  224.)  At  what  pressure 
air  undergoes  this  change  is  uncertain.  Mr  Perkins  indeed  states, 
that  he  has  condensed  it  into  a  liquid  by  a  pressure  of  2000  atmos- 
pheres ;  but  there  appears  good  reason  to  suspect  that  the  liquid  ob- 
tained in  this  experiment  was  no  other  than  water.  It  retained  its 
liquid  form  under  the  atmospheric  pressure,  and  therefore  wanted  the 
distinguishing  character  of  a  condensed  gas. 

The  extreme  compressibility  and  elasticity  of  the  air  accounts  for 
the  facility  with  whicli  it  is  set  in  motion,  and  the  velocity  with  which 
it  is  capable  of  moving.  It  is  subject  to  the  laws  which  characterize 
elastic  fluids  in  general.  It  presses,  therefore,  equally  on  every  side ; 
and  when  some  parts  of  it  become  lighter  than  the  surrounding  por- 
tions, the  denser  particles  rush  rapidly  into  their  place  and  force  the 
more  rarefied  ones  to  ascend.  The  motion  of  air  gives  rise  to  various 
fomiliar  phenomena.  A  stream  or  current  of  air  is  wind,  and  an  undu- 
lating vibration  excites  the  sensation  of  sound. 

The  atmosphere  is  not  of  equal  density  at  all  its  parts.  This  is  ob- 
vious from  the  consideration,  that  those  portions  which  are  next  the 
earth  sustain  the  whole  pressure  of  the  atmosphere,  while  the  higher 
strata  bear  only  a  part.  The  atmospheric  column  diminishes  in  length 
as  the  distance  from  the  earth's  surface  increases ;  and,  consequently, 
the  greater  the  elevation,  the  lighter  must  be  the  air  It  is  not  known 
to  what  height  the  atmosphere  extends.  From  calculations  founded 
on  the  phenomena  of  refraction,  its  height  is  supposed  to  be  about  46 
miles ;  and  Dr  Wollaston  estimates  from  the  law  of  expansion  of  gases, 
that  it  must  extend  to  at  least  40  miles  with  properties  unimpaired  by 
rarefaction.  In  speculating  on  its  extent  beyond  that  distance,  it  be- 
comes a  question  whether  the  atmosphere  is  or  is  not  limited  to  the 
earth.  This  subject  has  been  discussed  with  his  usual  sagacity  by  Dr 
Wollaston  in  an  Essay  on  the  Finite  Extent  of  the  Atmosphere,  pub- 
lished In  the  Philosophical  Transactions  for  1822.  On  the  supposition 
that  the  atmosphere  is  unlimited,  it  would  pervade  all  space,  and  ac- 
cumulate about  the  sun,  moon,  and  planets,  forming  around  each  an 
atmosphere,  the  density  of  which  would  depend  on  their  respective 
forces  of  attraction.    Now  Dr  Wollaston  Infers  from  astronomical  oh- 


'  See  note,  page  66.    B. 
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servations  made  by  bioiself  aDd  Captain  Kater,  that  there  is  no  solar 
atmosphere ;  and  the  observatioos  of  other  astronomers  appear  to  justify 
the  same  inference  with  respect  to  the  planet  Jupiter.  If  the  accura- 
cy of  these  conclusions  be  admitted,  it  follows  that  our  atmosphere  is 
confined  to  the  earth ;  and  it  may  nest  be  asked,  by  what  means  is  its 
extent  limited  ?  Dr  Wollaston  accounts  for  it,  by  supposing  the  air, 
after  attaining^  a  certain  degree  of  rarefaction,  to  possess  so  feeble  an 
elasticity,  that  the  tendency  of  its  particles  to  separate  further  from 
each  other  is  counteracted  by  gravity.  The  unknown  height  at  which 
this  eqoilibrium  between  the  two  forces  of  elasticity  and  gravitation 
takes  place,  is  the  outermost  boundary  of  the  atmosphere.  It  is  fur- 
ther argued,  that  this  mode  of  reasoning  is  inapplicable  unless  the  air 
be  supposed  to  consist  of  ultimate  atoms.  Then  only  can  each  parti- 
cle be  separated  from  contiguous  ones,  to  a  degree  sufficient  for  pro- 
ducmg  that  diminution  of  elasticity  required  by  th6  argument ;  for  if 
the  material  substance  of  air  is  divisible  without  limit,  each  particle 
will  in  itself  contain  an  infinite  number  of  other  particles,  the  tension 
of  which,  in  consequence  of  their  proximity,  should  lead  to  their  mu- 
tual separation.  The  production  of  fresh  portions  of  air  would  on  this 
principle  be  endless. 

In  order  to  account  for  the  limited  nature  of  the  atmosphere,  accord- 
ing to  this  principle,  the  air  is  inferred  to  consist  of  atoms;  and  if  the 
inference  be  granted,  it  is  fair  to  presume  that  matter  in  general  has  a 
similar  constitution.  The  tendency  of  Dr  Wollaston*s  reasoning, 
therefore,  is  to  demonstrate  the  truth  of  the  atomic  theory.  But  even 
admitting  astronomical  observations  as  conclusive  against  the  existence 
of  a  solar  atmosphere,  and  as  proving  by  inference  the  extent  of  ours  to 
be  limited,  it  scarcely  follows,  I  apprehend,  that  much  weight  can  be 
attached  to  the  argument.  The  tension  or  elasticity  of  gaseous  mat- 
ter is  lessened  by  two  causes,  diminution  of  pressure,  and  reduction  of 
temperature.  The  former  alone  is  taken  into  account  by  Dr  Wollas- 
ton ;  but  as  the  tendency  of  the  latter  to  deprive  gases  of  their  elastic 
form  is  now  fully  established,  it  appears  to  me  that  the  extreme  cold 
which  is  admitted  to  prevail  in  the  higher  regions  of  the  air,  may  of 
itself  be  a  condition  sufficient  to  put  a  limit  to  the  extent  of  the  atmos- 
phere. Some  very  ingenious  remarks  have  been  made  on  this  subject 
by  Mr  Graham.     (Philos.  Mag.  and  Annals,  i.  107.) 

The  temperature  of  the  atmosphere  varies  with  its  elevation.  Gas- 
eous fluids  permit  radiant  matter  to  pass  freely  through  them  without 
any  absorption,  and  therefore  without  their  temperature  being  influ- 
enced by  its  passage.  The  atmosphere  is  not  heated  by  transmitting 
the  rays  of  the  sun.  The  air  receives  its'caloric  solely  from  the  earth,  and 
chiefly  by  actual  contact ;  so  that  its  temperature  becomes  progres- 
sively lower,  as  the  distance  from  the  general  mass  of  the  earth  in- 
creases. Another  circumstance  which  contributes  towards  the  same  ef- 
fect, is  the  increasing  tenuity  of  the  atmosphere ;  for  the  temperature  of 
rarefied  air  is  less  raised  by  a  given  quantity  of  heat,  than  that  of  the 
same  portion  of  air  when  compressed,  owing  ^o  its  specific  caloric  be- 
ing greater  in  the  former  state  than  in  the  latter.  From  the  joint  in- 
fluence of  both  these  causes  it  is  found  that,  in  ascending  into  the  at- 
mosphere, the  temperature  diminishes  at  the  rate  of  one  degree  for 
about  every  800  feet.  The  rate  of  decrease  is  probably  much  slower 
at  considerable  distances  from  the  earth  ;  but  still  there  is  no  reason  to 
doubt  that  the  temperature  continues  to  decrease  with  the  increasing 
elevation.  There  must  consequently  in  every  latitude  be  a  point, 
where  the  thermometer  never  rises  above  82°,  and  where  ice  is  never 
liquefied.    This  point  varies  with  the  latitude,  being  highest  within 
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the  topics,  and  descending  gnduaUy  as  we  advance  towarde  the  polee. 
The  following  table,  from  the  supplement  to  the  Encyclopedia  Britan- 
nica,  page  190,  article  climate,  shows  the  point  of  perpetual  ice  cones- 
ponding  to  different  latitudes. 
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Air  was  one  of  the  four  elements  of  the  ancient  philosophers,  and 
their  opinion  of  its  nature  prevailed  generally  till  its  accuracy  was  ren- 
dered questionable  by  the  experimenU  of  Boyle.  Hooke,  and  Mayow. 
The  discovery  of  oi^gen  gas  in  1774  paved  the  way  to  the  knowledge 
of  its  real  composition,  which  was.  discovered  about  the  same  time  by 
Scheele  and  Lavoisier.  The  former  exposed  some  atmospheric  air  to 
a  solution  of  the  sulphuret  of  potassa,  which  gradually  absorbed  the 
whole  of  the^ oxygen.  Lavoisier  effected  the  same  object  by  the  com- 
bustion of  iron  wire  and  phosphorus. 

The  earlier  analyses  of  the  air  did  not  agree  very  well  with  one  ano- 
ther. According  to  the  researches  of  Lavoisier,  it  is  composed  of  t  wen- 
^•seven  measures  of  oxygen  to  seventy-three  of  nitrogen.  The  analysis 
of  ^cheele  eave  a  somewnat  higher  proportion  of  oxygen.  Priestley 
found  that  the  quantity  of  oxygen  varies^  from  twenty  to  twenty-five 
per  cent ;  and  Cavendish  estimated  it  only  at  twenty.  These  discre- 
pancies must  have  arisen  from  imperfections  in  the  mode  of  analysis; 
for  the  proportion  of  oxygen  has  been  found  by  subsequent  experi- 
ments to  be  almost,  if  not  exactly,  that  which  was  stated  by  Mr 
Cavendish.-  The  results  of  Scheele  and  Priestley  are  clearly  refercible 
to  this  cause.  It  is  now  known  that  the  processes  they  employed 
cannot  be  relied  on,  unless  certain  precautions  are  taken  of  which 
those  chemist  were  ignorant.  Recently  boiled  water  absorbs  nitrosen ; 
and,  consequently,  if  the  sulphuret  of  potassa  be  dissolved  in  that  liquid 
by  the  aid  of  heat,  the  solution  takes  up  a  portion  of  nitrogen  during 
the  process,  and  thereby  renders  the  apparent  absorption  of  oxygen 
too  great.  This  inconvenience  may  be  avoided  by  dissolving  the 
alkaline  sulphuret  in  cold  unboiled  water.  The  deutoxide  of  nitrogen, 
employed  by  Priestley,  removes  all  the  oxygen  in  the  course  of  a  few 
seconds ;  but  for  reasons  which  will  soon  be  mentioned,  its  tndicetioiis 
are  very  apt  to  be  fallacious.  The  combustion  of  phosphorus,  as  well 
as  the  gradual  oxidation  of  that  substance,  acts  in  a  very  uniform 
manner,  and  removes  the  whole  of  the  oxygen  completely.  The 
residual  nitrogen  contains  a  little  of  the  vapour  of  phosphorus,  which 
increases  the  bulk  of  that  gas  by  l-40th,  for  which  an  allowance  must 
be  made  in  estimating  the  ^eal  quantity  of  nitrogen. 

Since  chemists  have  learned  the  precautions  to  be  taken  in  the 
analysis  of  the  air,  a  close  correspondence  has  been  observed  in  the 
results  of  their  experiments  upon  it.  The  researches  of  Davy,  Dalton, 
Gay-Lussac,  Thomson,  and  others,  leave  no  doubt  that  100  measures, 
of  pure  atmospherie  air  consist  of  twenty  or  twenty- one  volumes  of 
oxygen,  tad  eighty  or  seventy-nine  of  nitrogen.    Dr  Thomson,  whose 
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analysis  is  the  most  recent,  fixes  the  quantity  of  oxygen  at  twenty  pet 
cent ;  and  the  reasons  he  has  assigned  for  regarding  this  estimate  as 
more  accurate  than  the  other,  appear  satisfactory.  The  oxygen  was 
determined  (First  Principles  of  Chemistry,  vol.  i.  p.  97,)  by  mixing 
with  the  air  a  quantity  of  hydrogen,  sufficient  to  convert  all  the  oxygen 
present  into  water,  and  liindling  the  mixture  by  the  electric  sparlc. 
Water  is  formed  and  is  condensed ;  and  since  that  liquid  is  composed 
of  one  volume  of  oxygen  to  two  of  hydrogen,  one- third  of  the  dimiouo 
tion  must  give  the  exact  quantity  of  oxygen.  This  process  is  so  easy 
of  execution,  and  so  uniform  in  its  indications,  that  it  is  now  employ- 
ed nearly  to  the  total  exclusion  of  all  others*. 

Such  is  the  constitution  of  pure  atmospheric  air.  But  the  atmos- 
phere is  never  absolutely  pure ;  for  it  always  contains  a  certain  variable 
quantity  of  carbonic  acid  and  watery  vapour,  besides  the  odoriferous 
matter  of  flowers  and  other  volatile  substances,  which  are  also  frequent- 
ly present.  The  .carbonic  acid  never  exceeds  one  in  100  parts,  pro- 
vided there  is  a  free  circulation  of  air,  and  generally  amounts  only  to 
1-lOOOth  or  l-2000th  of  the  whole;  Saussure  found  it  in  air  collected 
at  the  top  of  Mont- Blanc ;  and,  indeed,  it  exists  at  all  altitudes  which 
have  been  hitherto  attained. 

The  chief  chemical  properties  of  the  atmosphere  are  owing  to  the 
presence  of  oxygen  gas.  Air  from  which  this  principle  has  been  with-^ 
drawn  is  nearly  inert.  It  can  no  longer  support  respiration  and  com-^ 
bustion,  and  metals  are  not  oxidized  oy  being  heated  in  it.  Most  of 
the  spontaneous  changes  which  mineral  and  dead  organized  matters  un- 
dergo, are  owing  to  the  powerful  affinities  of  oxygen.  The  uses  of  nitro- 
gen are  in  a  great  measure  unknown.  It  was  supposed  to  act  as  a 
mere  diluent  to  the  oxygen ;  but  it  most  probably  serves  some  useful 
purpose  in  the  economy  of  animals,  the  exact  nature  of  which  has 
not  been  discovered. 

The  knowledge  of  the  composition  of  the  air,  and  of  the  importance 
of  oxygen  to  the  life  of  animals,  naturally  gave  rise  to  the  notion  that 
the  healthiness  of  the  aii^  at  different  times,  and  in  different  places,  de- 
pends on  the  relative  quantity  of  this  gas.  It  was,  therefore,  sup- 
posed that  the  purity  of  the  atmosphere,  or  its  fitness  for  communicat- 
ing health  and  vigour,  might  be  discovered  by  determining  the  propor- 

*  The  best  analyses  of  atmospheric  air  correspond  so  nearly  with 
the  proportions  of  two  volumes  of  nitrogen  to  half  a  volume  of  oxygen, 
that  it  seems  probable  that  these  proportions  (which  correspond  at  the 
same  time  with  the  theory  of  volumes)  would  be  obtained  exactly,  if 
our  experiments  could  be  performed  with  rigid  accuracy.  On  the 
assumption  that  these  are  the  true  proportions,  the  specific  gravity  of 
oxygen  would  be  1.1111,  and  that  of  nitrogen  0.9722.  The  reader 
may  judge  how  far  these  calculated  numbers  may  be  depended  on,  by 
observing  how  nearly  they  coincide  with  the  experimental  numbers  of 
Berzelius,  the  most  accurate  chemist  of  the  present  day.  This  phi- 
losopher, in  conjunction  with  M.  Duloug,  determined  the  specific 
gravity  of  oxygen  to  be  1.1026,  and  that  of  nitrogen  0.976.  The  com- 
position of  atmospheric  air,  when  stated  in  volumes,  gives  the  oxy- 
gen at  20  per  cent,  as  mentioned  by  Dr  Turner ;  and  yet  £e  usual  analy- 
ses make  it  21  per  cent.  Hiis  discrepancy  will  probably  disappear  when 
the  analysis  is  performed  with  more  accuracy.  Dr  Hare  found  that  the 
average  of  a  er^at  number  of  analyses  of  atmospheric  air  performed  by 
explosion  wim  hydrogen,  by  means  of  his  very  accurate  eudiometers, 
gave  the  proportion  of  oxygen  at  20.66  per  cent,  which  approaches  very 
nearly  to  the  quantity  indicated  by  the  theory  of  volumes.    B. 
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tion  of  oxygen;  and  hence  ibe  origin  of  the  term  ^EtuiteiReler, 
which  was  applied  to  the  apparatus  for  analyzing  the  air.  But  this 
opinion»  though  at  first  supported  by  the  discordant  results  mi  the 
earlier  analysts,  was  soon  proved  to  be  fallacious.  It  appears,  on  the 
contrfliry,  that  the  composition  of  the  air  is  not  only  constant  in  the 
same  place,  but  is  the  same  in  all  regions  of  the  earth,  and  at  all  alti- 
tudes. Air  collected  at  the  summit  of  the  highest  mountains,  such 
as  MonC-Blanc  and  Chimborazo,  contains  the  same  proportion  of  oxy- 
gen as  that  of  the  lowest  valleys.  The  air  of  Egypt  was  found  by 
Berthollet  to  be  similar  to  that  of  France.  The  air  which  6ay-Lussac 
brought  from  an  altitude  of  21,785  feet  above  the  earth,  had  the  same 
composition  as  that  collected  at  a  short  distance  from  its  surface. 
Even  the  miasmata  of  marshes,  and  the  effluvia  of  infected  places* 
owe  their  noiious  qualities  to  some  principle  of  too  subtile  a  nature  to 
be  detected  by  chemical  means,  and  not  to  a  deficiency  of  oxygen. 
Seguin  examined  the  infectious  atmosphere  of  an  hospital,  the  odour  of 
which  was  almost  intolerable,  and  could  discover  no  appreciable  de- 
ficiency of  oxygen,  or  other  peculiarity  of  composition. 

The  question  hsis  been  much  discussed  whether  the  oxygen  and 
nitroeen  gases  of  the  atmosphere  are  simply  mixed,  or  chemically  com* 
bined  wi&  one  another.  Appearances  are  at  first  view  greatly  in  fa- 
vour of  the  latter  opinion.  Oxygen  and  nitrogen  gases  differ  in  densi- 
ty, and  therefore  it  might  be  expected,  were  they  merely  mixed  to- 
gether, that  the  oxygen,  as  the  heavier  gas,  ought,  in  obedience  to  the 
force  of  gravity,  to  collect  in  the  lower  regions  of  the  air,  while  the 
nitrogen  should  have  a  tendency  to  occupy  the  higher.  But  this  has 
nowhere  been  observed.  If  air  be  confined  in  a  long  tube,  preserved 
at  perfect  rest,  its  upper  part  will  contain  just  as  much  oxygen 
as  the  lower,  even  after  an  interval  of  many  months;  nay,  if  the  lower 
part  of  it  be  filled  with  oxygen,  and  the  upper  with  nitrogen,  these 
gases  will  be  found  in  the  course  of  a  few  hours  to  have  mixed  inti- 
mately with  one  another.  The  constituents  of  (he  air  are,  also,  in  the 
exact  proportion  for  combining.  By  measure  they  are  in  the  simple 
ratio  of  obe  to  four,  which  agrees  perfectly  with  the  law  of  combina- 
tion by  volume;  andl>y  weight  they  are  as 8  to  ^,  which  is  one  propor- 
tion of  oxygen  to  two  of  nitrogen. 

Strong  as  are  these  arguments  in  favour  of  the  chemical  theory,  it 
is  nevertheless  liable  to  objections  which  appear  insuperable.  The  at- 
mosphere possesses  all  the  characters  that  should  arise  from  a  mechan- 
ical mixture.  There  is  not,  as  in  all  other  cases  of  chemical  union, 
any  change  in  the  bulk,  form,  or  other  qualities  of  its  elements.  The 
nitrogen  manifests  no  attraction  for  the  oxygen.  All  bodies  which 
have  an  affinity  for  oxygen,  abstract  it  from  the  atmosphere  with  as 
much  facility  as  if  the  nitrogen  was  absent  altogether.  Even  water 
effects  this  separation  ;  for  the  air  which  is  expelled  from  rain  water 
by  ebullition,  contains  more  than  twenty  per  cent,  of  oxygen.  When 
oxygen  and  nitrogen  gases  are  mixed  together  in  the  ratio  of  one  to 
four,  the  mixture  occupies  precisely  five  volumes,  and  has  every  pro- 
perty of  pure  atmospheric  air.  The  refractive  power  of  the  atmos- 
phere is  precisely  such  as  a  mixture  of  oxygen  and  nitrogen  gases 
ought  to  have ;  and  different  from  what  would  be  expected  were  its 
elements  chemically  united.  (Edinburgh  Journal  of  Science,  No.  8, 
page  211.) 

Since  the  elements  of  the  air  cannot  be  regarded  as  In  a  state  of 
actual  combination,  it  is  necessary  to  account  for  the  steadiness  of 
their  proportion  on  some  other  principle.  Chemists  are  divided  on 
this  subject  between  two  opinions.    It  is  conceived,  according  to  one 
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▼lew,  HM^tfae  ttliiity  of  oxygen  and  nitrogen  for  one  nnolber,  though 
inAifflcient  to  cause  their  combination  when  mixed  together  at  ordinary 
temperatures,  may  atitl  eperate^  in  such  a  manner  aa  to  prerent  theftr 
Bepanttion ;  that  a  certain  degree  of  attraction  is  eren  then  exerted  he« 
tween  them,  which  is  abie  to  counteract  tlie  tendency  of  gravity.  An 
opinion  of  this  Icind  was  advanced  by  Berthollet,  In  his  Statique  Cfvbm*' 
<9iie,  and  defended  by  the  late  Dr  Murray.  This  doctrine,  however,  is 
not  satisfectory.  It  is,  indeed,  quite  conceivable  that  oxygen  and  ni« 
trogen  may  attract  each  other  in  the  way  supposed ;  and  it  may  be  ad- 
mitted that  this  supposition  explains  why  these  two  gases  continue  in 
a  state  of  perfect  mixture.  But  still  the  explanation  is  unsatlsiacto* 
ly,  and  for  the  following  reason : — Mr  Dalton  took  two  cylindrical 
vessels,  one  of  which  was  filled  with  carbonic  acid,  Hie  other  with  hy- 
drogen gas ;  the  latter  was  placed  perpendicularly  over  the  other,  and 
a  communication  was  established  between  them.  In  the  course  of  a 
few  hours  hydrogen  was  detected  in  the  lower  vessel,  and  carboifle 
acid  in  the  upper.  If  the  upper  vessel  be  filled  with  oxygen,  nitro- 
gen, or  any  other  eas,  the  same  phenomena  will  ensue ;  the  gases  will 
he  found,  after  a  snort  interval,  to  be  in  a  state  of  mixture,  and  will  at 
last  be  distributed  equally  through  both  vessels.  Now  this  result 
cannot,  with  any  shadow  of  reason,  be  ascribed  to  the  action  of  affinity. 
It  is  well  known  that  carbonic  acid  cannot  be  made  to  unite  either 
with  hydrogen,  oxygen,  or  nitrogen  ;  and,  therefore,  it  is  quite  gratui- 
tous to  assert  that  it  has  an  affinity  for  them.  Some  other  power  must 
be  in  operation,  capable  of  producing  the  mixture  of  gases  with  one 
another,  independently  of  chemical  attraction  ;  and  if  this  power  can 
cause  carbonic  acid  to  ascend  through  -a  gas  which  is  twenty- two 
times  lighter  than  itself,  it  will  surely  explain  why  oxygen  and  nitro- 

S>n  gases,  the  densities  of  which  differ  so  little,  should  mix  together  in 
e  atmosphere. 

The  explanation  which  Mr  Dalton  has  given*  of  these  phenonena; 
is  founded  on  the  assumption  that  the  particles  of  one  gas,  though 
highly  repulsive  to  each  other,  do  not  repel  those  of  a  different  kind*. 
It  follows  from  this  supposition,  that  one  gas  acts  as  a  vacuum  with 
respect  to  another;  and,  therefore,  if  a  vessel  full  of  carbonic  acid  be 
made  to  communicate  with  another  of  hydrogen,  the  particles  of  each 
gas  insinuate  themselves  between  the  particles  of  the  other,  tHI  they 
are  equally  diffused  through  both  vessels.  The  particles  of  the  car- 
bonic acid  do  not  indeed  fill  the  space  occupied  by  the  hydrogen  with 
the  same  velocity  as  if  it  were  a  real  vacuum  ;  because  the  particles  of 
the  hydrogen  afifonl  a  mechanical  impediment  to  their'  progress.  The 
ultimate  effect,  however,  is  the  same  as  if  the  vesssel  of  hydrogen  had 
been  a  vacuum. 

Though  it  would  not  be  difficult  to  find  objections  to  this  hypofte- 
sis,  it  has  the  merit  of  being  applicable  to  every  possible  case ;  which 
cannot,  I  conceive,  be  admitted  of  the  other.    It  accounts  not  onlv« 
for  the  mixture  of  gases,  but  for  the  equable  diffusion  of  tapours  through 
gases,  and  through  each  other. 

There  is  still  one  circumstance  for  consideration  respecting  the  atmos- 
phere. Since  oxygen  is  necessary  to  combualjon,  to  the  respiration  of 
animals,  and  to  various  other  natural  operations,  by  all  of  which  diat 
gas  is  withdrawn  from  the  air,  it  is  obvious  that  its  quantity  would 
gradually  diminish,  unless  the  tendency  of  those  causes  was  counter- 
acted by  some  compensating  process.    To  all  appearance  there  does 
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exist  some  soorae  of  ^tfttpeniatioii ;  for  chdnistt  have  not  hitherto 
noticed  any  change  in  the  constitution  of  the  atmosphere.  The  only 
source  foy  which  oxygen  is  known  to  be  supplied,  is  by  the  action  of 
growing  vegetables.  A  healthy  plant  absorbs  carbonic  acid  during  the 
day,  appropriates  the  carbonaceous  part  of  that  gas  to  its  own  wants, 
and  evolves  the  oxygen  with  which  it  was  combined.  During  the 
night,  indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then  dis- 
appears,  and  carbonic  acid  is  eliminated  ;  but  it  follows  from  the  ex* 
periments  of  Priestley  and  Davy,  that  plants  during  24  hours  yield  more 
oxygen  than  they  consume.  Whether  living  vegetables  make  a  full 
compensation  for  the  oxygen  removed  from  the  air  by  the  processes 
above  mentioned,  is  uncertain.  From  the  great  extent  of  the  atmos- 
phere, and  the  continual  agitation  to.  which  its  different  parts  are  sub- 
ject by  the,  action  of  winds,  the  efibcts  of.  any  deteriorating  process 
would  be  very  gradual,  and  a  change  in  the  proportion  of  its  elements 
could  be  perceived  only  by  observations  made  at  very  distant  intervals. 

Compounds  of  Nitrogen  and  Oxygen, 

Chemists  are  acqoainted  with  five  compounds  of  nitrogen  and  oxy- 
fCen,  the  composition  of  which,  as  deduced  from  the  researches  of 
Gay-Lussac,  Dr  Henry,  and  Sir  H.  Davy,  is  as  follows : 


By  Volume. 

By  Weight 

J^trogen,          Oxygen, 
Nitrous  oxide        100          .            50 

JVUrogen,        Oxygen, 

Nitric  oxide           100          .          100 

14          !          16 

Hyponitrous  acid  100          .          150 

14                     24 

Nitrous  acid          100          .          200 

14          .          32 

Nitric  acid             100          .          250 

14          .          40 

The  first  of  these,  as  containing  the  smallest  quantity  of  oxygen,  is 
regarded  as  a  compound  of  one  proportion,  or  according  to  the  atomic 
theory  of  one  atom,  of  each  e^ement.  The  atomic  weight  of  nitrogen, 
that  of  oxygen  being  8,  will,  therefore,  be  14.  The  other  four  com- 
pounds must  consequently  be  composed  of  one  atom  of  nitrogen, 
united  in  the  second  with  two,  in  the  third  with  three,  in  the  fourth 
with  four,  and  in  the  fifth  with  five,  atoms  of  oxygen. 

Protoodde  of  Nitrogen. 

This  gas  was  discovered  by  Priestley,  who  gave  it  the  name  of  de- 
phlogisticated  nitrotks  air.  Sir  H.  Davy  cs^d  it  nitrous  oxide. 
Accordfhg  to  the  principles  of  chemical  nomenclature,  its  proper  ap- 
pellation is  protoxide  of  nitrogen.  It  may  be  formed  by  exposing 
nitric  oxide  for  Some  days  to  the  action  of  iron  filings,  or  other  sub- 
stances which  have  a  strong  afiihity  for  oxygen.  The  nitric  oxide 
loses  one  half  of  its  oxygen,  and  is  converted  into  the  protoxide.  But 
the  most  convenient  method  of  procuring  it,  is  by  means  of  the  ni- 
trate of  ammonia.  When  this  salt  is  exposed  to-  a  temperature  of  400° 
or  500°  F.  it  liquefies,  bubbles  of  gas  begin  to  rise  from  it,  and  in  a 
short  time  brisk  effervescence  ensues,  which  continues  till  the  whole 
of  the  salt  disappears  The  nitrate  of  ammonia  should  be  contained 
in  a  glass  retort,  and  the  heat  applied  by  means  of  a  lamp  placed  at 
such  a  distance  below  it  as  to  maintain  a  moderately  rapid  evolution 
of  gas. 

Tlie  sole  products  of  this  operation,  when  carefully  conducted,  are 
O 
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winter  and  the  protoxide  of  nitrogen.    The  theory  of  the  process  is  as 
follows : — 
Nitrate  of  ammonia  is  composed  of 

Nitric  acid    54    one  proportion. 

Ammonia      17    one  proportion. 

71 

Nitric  acid  consists  of 

Nitrogen      14    one  proportion. 
Oxygen        40    five  proportions. 

54 
And  ammonia  of 

Nitrogen      14    one  proportion. 
Hydrogen      3    three  proportions. 

17 
By  the  action  of  heat  these  elements  arrange  themselves  in  a  new 
order.  The  hydrogen  tal^es  so  much  oxygen  as  is  sufficient  for  forming 
water,  and  the  residual  oxygen  converts  the  nitrogen  both  of  the  ni- 
tric acid  and  of  the  ammonia  into  the  protoxide  of  nitrogen.  The 
decomposition  of  71  grains  of  the  salt  will  therefore  yield 

water     .  .  2T.orthreep.jgy^^„     ToV&: 

Protoxide  of  Nitrogen    44.  or  two  pr.    {0^f|»„       'ilVrZllr. 

71 

The  protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not  affect 
the  blue  vegetable  colours,  even  when  mixed  with  atmospheric  air. 
Recently  boiled  water,  which  has  cooled  without  exposure  to  the  air, 
absorbs  nearly  its  own  bulk  of  it  at  60°  F,  and  gives  it  out  again  un- 
changed by  boiling.  The  solution,  like  the  gas  itself,  has  a  faint 
odour  and  sweet  taste.  The  action  of  water  upon  it  affords  a  ready 
means  of  testing  its  purity,  removing  it  readily  from  all  other  gases, 
such  as  oxygen  and  nitrogen,  which  are  sparingly  absorbed  by  that  li- 
quid. For  the  same  reason  it  cannot  be  preserved  over  cold  water ; 
but  should  be  collected  either  over  hot  water  or  mercury. 

The  protoxide  of  nitrogen  is  a  supporter  of  combustion.  Most  sub- 
stances burn  in  if  with  far  greater  energy  than  in  the  atmosphere'. 
When  a  recently  extinguished  candle  with  a  very  rfd  wick  is  intro- 
duced into  it,  the  flamp  is  instantly  restored.  Phosphorus,  if  previ- 
ously kindled,  burns  Wit  with  great  brilliancy.  Sulphur,  when  burn- 
ing feebly,  is  extinguished  by  it ;  but  if  it  is  immersed  while  the  com- 
bustion is  lively,  the  size  of  the  flame  is  increased  <^044erably.  With 
an  equal  bulk  of  hydrogen  it  forms  a  mixture  which  explodes  violently 
by  the  electric  spark  or  by  flame.  In  all  these  cases  the  product  of 
combustion  is  the  same  as  when  oxygen  gas  or  atmospheric  air  is  used. 
The  protoxide  is  decomposed ;  the  combustible  matter  unites  with  its 
oxygen,  and  the  nitrogen  is  set  free.  The  protoxide  of  nitrogen  suf- 
fers decomposition  when  a  succession  of  electric  sparks  is  passed 
through  it.  A  similar  effect  is  caused  by  conducting  it  through  a  por- 
celain tube  heated  to  incandescence.  It  is  resolved  in  both  instances, 
into  nitrogen,  oxygen,  and  nitrous  acid. 

Sir  H.  Davy  discovered*  that  the  protoxide  of  nitrogen  may  be 
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taken  iDto  the  lungs  with  safety,  and  that  it  sapports  respiration  for  a 
few  minutes.  He  breathed  nine  quarts  of  it,  contained  in  a  si)k  bag, 
for  three  minutes,  and  twelve  quarts  for  rather  more  than  four ;  but  no 
quantity  could  enable  him  to  bear  the  privation  of  atmospheric  air 
for  a  longer  period.  Its  action  on  the  system,  when  inspired,  is  very 
remarkable.  A  few  deep  inspirations  are  followed  by  most  agreeable 
feelings  of  excitement,  similar  to  the  early  stages  of  intoxication. 
This  is  shown  by  a  strong  propensity  to  laughter,  by  a  rapid  flow  of 
vivid  ideas,  and  an  unusual  disposition  to  muscular  exertion.  These 
feelings,  however,  soon  subside,  and  the  person  returns  to  his  usual 
state  without  experiencing  the  languor  or  depression  which  so  univer- 
sally follows  intoxication  &>m  spirituous  liquors.  Its  eflects,  however, 
on  different  persons,  are  various ;  and  in  individuals  of  a  plethoric  habit, 
it  sometimes  produces  giddiness,  headach,  and  other  disagreeable 
symptoms. 

The  protoxide  of  nitrogen  was  analjrzed  by  Sir  H.  Davy  by  means 
of  hydrogen  gas.  He  mixed  89  measures  of  the  former  with  40 
measures  of  hydrogen,  and  fired  the  mixture  by  the  electric  spark. 
Water  was  formed,  and  the  residual  gas,  which  amounted  to  41 
measures,  had  the  properties  of  pure  nitrogen.  As  40  measures  of 
hydrogen  require  20  of  oxygen  for  combustion,  it  follows  that  89 
volumes  of  the  protoxide  of  nitrogen  contain  41  of  nitrogen  and  20  of 
oxygen.  But  since  no  exception  has  hitherto  been  found  to  Gay* 
Lussac*s  law  of  gaseous  combination,  it  may  be  inferred  that  the  pro- 
toxide of  nitrogen  contains  its  own  bulk  of  nitrogen  and  half  its  volume 
of  oxygen.  The  recent  analysis  of  this  compound  by  Dr  Henry, 
(Annals  of  Phil.  viii.  299,  N.S.)  performed  by  means  of  carbonic 
oxide  gas,  has  proved  beyond  a  doubt  that  this  is  the  exact  proportion. 
Now, 

100  cubic  inches  of  nitrogen  weigh  29.652  grains. 
50  do         oxygen  16.944 

These  numbers  added  together  amount  to    46.596 
which  must  be  the  weight  of  100  cubic  Inches  of  the  protoxide ;  and 
its  specific  gravity  is,  therefore,  1.6277.    Its  composition  by  weight  is 
determined  by  the  same  data,  being  16.944  of  oxygen  to  29.652  of  ni- 
trogen, or  as  8  to  14.    Its  atomic  weight  is,  of  course,  8+14,  or  22. 

Deutoxide  ofMtrogen, 

The  deutoxide  of  nitrogen  is  best  obtained  by  the  action  of  nitric 
acid,  of  specific  gravity  1.2,  on  metallic  copper..  Brisk  effervescence 
takes  place,  without  the  aid  of  heat,  and  the  gas  may  be  collected  over 
water  or  mercury.  The  copper  gradually  disappears  during  the  pro- 
cess ;  the  liquid  acquires  a  beautiful  blue  colour,  and  yields  on  evapora- 
tion a  salt  which  is  composed  of  nitric  acid  and  peroxide  of  copper. 
The  chemical  changes  that  occur  are  the  following. — One  portion  of 
nitric  acid  suffers  decomposition.  Part  of  its  oxygen  unites  with  the 
copper,  and  converts  it  into  the  peroxide ;  while  another  part  is  re- 
tained- by  the  nitrogen  of  the  nitic  acid,  forming  the  deutoxide  of  ni- 
trogen. The  peroxide  of  copper  attaches  itself  to  some  undecompos- 
ed  nitric  acid,  and  forms  the  blue  nitrate  of  copper.  Many  other 
metals  are  oxidized  by  nitric  acid,  with  the  disengagement  of  a 
similar  compound ;  but  none,  mercury  excepted,  yields  so  pure  a  gas 
as  copper. 

The  gas  derived  from  this  source  was  discovered  by  Dr  Hales.  It 
was  first  carefully  studied  by  Priestley,  who  called  it  nitrous  air» 
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The  terms  rUtrous  eas,  and  nitric  oxide,  are  frequently  applied  to  it; 
but  the  deutoxide  of  nitrogen^  as  indicaiive  of  its  nature,  is  the  most 
suitable  appellation. 

The  deutoxide  of  nitrogen  is  a  colourless  gas.  When  mixed  with 
atmospheric  air,  or  any  gaseous  mixture  that  contains  oxygen  in  an 
uncombined  state,  dense,  suffocating,  acid  vapours,  of  a  red  or  oranee 
colour  are  produced,  called  nitrous  acid  vapours ;  which  are  copiously 
absorbed  by  water,  and  communicate  acidity  to  it.  The  deutoxide 
may  be  distinguished  by  this  character  from  every  other  substance, 
and  for  the  same  reason  affords  a  CQuvenient  test  of  the  presence  of 
free  oxygen.  Though  it  gives  rise  to  an  acid  by  combining  with  oxy- 
gen, the  deutoxide  of  nitrogen  itself  does  not  redden  the  blue  colour 
of  vegetables ;  but  for  this  experiment,  the  gas  must  be  well  washed 
with  water  to  separate  all  traces  of  nitrous  acid.  Water  absorbs  the 
deutoxide  sparingly;— 100  measures  of  that  liquid,  cold  and  recently 
boiled,  take  up  about  11  of  the  gas. 

Very  few  inflammable  substances  burn  in  the  deutoxide  of  nitrogen. 
Burniog  sulphur,  and  a  lighted  candle  are  instantly  extinguished  by  it. 
Charcoal  and  phosphorus,  however,  if  in  a  state  of  vivid  combustion 
at  the  moment  of  being  immersed  in  it,  burn  with  increased  brilliancy. 
The  product  of  the  combustion  is  carbonic  acid  in  the  first  case,  and 
phosphoric  acid  in  the  second,  nitrogen  being  separated  in  both  in- 
stances. With  an  equal  bulk  of  hydrogen,  it  forms  a  mixture  which 
cannot  be  made  to  explode,  but  which  is  kindled  by  contact  with  a 
lighted  candle,  and  burns  rapidly  with  a  greenish-white  flame.  Water 
and  pure  nitrogen  are  the  products. 

The  deutoxide  of  nitrogen  is  quite  irrespirable,  exciting  a  strong 
spasm  of  the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it.  The 
experiment,  however,  is  a  dangerous  one ;  for  if  the  gas  did  reach  the 
lungs,  it  would  there  mix  with  atmospheric  air,  and  be  converted  into 
nitrous  acid  vapours,  which  are  highly  irritating  and  oorrosive. 

The  deutoxide  of  nitrogen  is  partially  resolved  into  its  elements  by 
being  passed  through  red-hot  tubes.  A  succession  of  electric  sparks 
has  a  similar  effect.  It  is  converted  into  the  protoxide  of  nitrogen  by 
substances  which  have  a  strong  affinity  for  oxygen,  such  as  iron 
filings,  and  the  alkaline  sulphurets.  Its  composition  was  ascertained 
by  Sir  H.  Davy  by  the  combustion  of  charcoal.  Two  volumes  of  the 
deutoxide  yielded  one  volume  of  nitrogen,  and  about  one  of  carbonic 
acid*;  whence  it  was  inferred  to  consist  of  equal  measures  of  oxygen 
and  nitrogen  gases  united  without  any  condensation.  Gay-Lussac 
proved  in  his  essay  in  the  Memoires  d*  Jlrcueil,  that  this  proportion 
is  rigidly  exact.  He  decomposed  100  measures  of  the  gas,  by  heat- 
ing potassium  in  it ;  60  measures  of  pure  nitrogen  were  left,  and  the 
loss  of  weight  corresponded  to  60  measures  of  oxygen.  The  same 
fact  has  been  lately  proved  by  Dr  Henry  in  the  paper  already  referred 
to.  From  these  data,  its  composition  by  weight,  and  its  specific 
gravity,  may  be  determined  by  a  simple  calculation : — 

60  cubic  inches  of  oxygen  weigh  16.944  grains. 
60        .        .  nitrogen  14.826 

•       81.770 
Hence  100  cubic  jnches  of  the  deutoxide  of  nitrogen,  at  the  mean 
temperature  and  pressure,  weigh  81.77  grains ;  and  its  specific  gravity 
is,  therefore,  1.0416.    This  is  nearly  the  mean  density  of  the  deutox- 
ide, as  determined  directly  by  Davy,  Thomson,  and  B^rard,  which 
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confirms  the  accuracy  of  the  data  on  which  the  calculation  is  founded. 
The  elements  of  the  deutozide  are  obviously  in  the  ratio,  by  weieht, 
of  14  of  nitrogen  to  16  of  oxygen;  that  is,  one  proportion  of  the  first 
to  two  of  the  second.  An  equivalent  of  the  compound  is,  therefore, 
14+16r=r80. 

From  the  invariable  formation  of  the  red  coloured  acid  vapours, 
whenever  the  deutozide  of  nitrogen  and  oxygen  are  mixed  together, 
these  gases  detect  the  presence  of  each  other  with  great  certainty ; 
and  since  the  product  is  wholly  absorbed  by  water,  one  may  be  en- 
tirely removed  from  any  gaseous  mixture,  by  addine  a  sufficient 
quantity  of  the  other.  Priestley,  who  first  observed  tnis  fact,  sup- 
posed that  combination  takes  place  between  them  in  one  proportion 
only ;  and  inferring  on  this  supposition,  that  a  given  absorption  would 
always  indicate  the  same  quantity  of  oxygen,  he  was  led  to  employ 
the  deutoxide  of  nitrogen  in  eudiometry.  fiut  in  this  opinion  he  was 
mistaken.  The  discordant  results  that  were  obtained  by  his  method 
soon  excited  suspicion  of  its  accuracy ;  and  the  source  of  error  has 
since  been  discovered  by  the  researches  of  Dalton  and  Gay-Lussac. 
It  appears  from  the  experiments  of  Gay-Lussac,  and  his  results  do  not 
differ  materially  from  those  of  Mr  Daiton,  that  for  100  measures  of 
oxygen,  400  of  the  deutoxide  may  be  absorbed  as  a  maximum,  and 
133  as  a  minimum ;  and  that  between  these  extremes,  the  quantity  of 
the  deutoxide  corresponding  to  100  of  oxygen,  is  exceedingly  variable. 
It  does  not  follow  from  this,  that  oxygen  and  the  deutoxide  of  nitro- 
gen can  unite  in  every  proportion  witnin  these  limits.  The  true  ex- 
planation is,  that  the  mixture  of  these  gases  may  give  rise  to  three 
compounds,  the  hyponitrous,  nitrous,  and  nitric  acids ;  and  that  either 
may  be  formed  almost,  if  not  entirely,  to  the  exclusion  of  the  others, 
if  certain  precautions  are  adopted.  But  in  the  usual  mode  of  operat- 
ing, two  if  not  all  are  generated  at  the  same  time,  and  in  a  proportion 
to  one  another  which  is  by  no  means  uniform.  The  circumstances 
that  influence  the  degree  of  absorption,  when  a  mixture  of  oxygen 
and  the  deutoxide  of  nitrogen  is  made  over  water,  are  the  following  : 
— 1,  The  diameter  of  the  tube;  2,  The  rapidity  with  which  the  mix- 
ture is  made;  3,  The  relative  proportion  of  the  two  gases;  4,  The 
time  allowed  to  elapse  after  mixing  them ;  6,  Agitation  of  the  tube ; 
and  lastly,  The  opposite  conditions  of  adding  the  oxygen  to  the  deu* 
toxide,  or  the  deutoxide  to  the  oxygen. 

Notwithstanding  these  many  sources  of  error,  Dalton  and  Gay-Lus- 
sac maintain  that  the  deutoxide  of  nitrogen  may  nevertheless  he  em- 
ployed in  eudiometry ;  and  they  have  described  the  precautions  which 
are  required  to  ensure  accuracy.  Mr  Dalton  has  given  his  process  in 
the  10th  volume  of  the  Annals  of  Philosophy,  page  38 ;  and  further 
directions  have  been  published  by  Dr  Henry  in  his  Elemenfts.  The 
method  of  Gay-Lussac,  to  which  my  own  observation  would  lead  me 
to  give  the  preference,  may  be  found  in  the  2d  volume,  page  247,  of 
the  Memoires  d^Areueil,  Instead  of  employing  a  narrow  tube,  such 
as  is  commonly  used  for  measuring  gases,  Gay-Lussac  advises  that 
100  measures  of  air  should  be  introduced  into  a  very  wide  tube  or  jar, 
and  that  an  equal  volume  of  the  deutoxide  of  nitrogen  should  then  be 
added.  The  red  vapours,  which  are  instantly  produced,  disappear  very 
quickly,  and  the  ^sorption  after  half  a  minute,  or  a  minute  at  the  most, 
may  be  regarded  as  complete.  The  residue  is  then  passed  into  a  gra- 
duated tube  and  measured.  The  diminution  almost  always,  according  to 
Gay-Lussac,  amounts  to  84  measures,  one-fourth  of  which  is  oxygen*. 

*  On  the  supposition,  in  this  experiment,  that  the  oxygen  and  deut* 
O  2 
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Gay-Lu88ae  has  applied  this  process  to  the  analysis  of  various  mixed 
gases,  in  which  the  oxygen  was  sometimes  in  a  greater,  at  others  in  a 
less  proportion  than  in  the  atmosphere,  and  the  indications  wece 
always  correct.  When  the  proportion  of  oxygen  is  great,  a  proper-* 
tionably  large  quantity  of  the  deutoxide  must  of  course  be  employed, 
in  order  that  an  excess  of  it  might  be  present. 

There  is  another  mode  of  absorbing  oxygen  by  means  of  the  deu- 
toxide of  nitrogen.  If  a  current  of  the  deutoxide  be  conducted  into  a 
solution  of  the  protosulphate  of  iron,  the  gas  is  absorbed  in  large 
quantity,  and  the  solution  acquires  a  deep  oUvci-brown  colour,  which 
appears  almost  black  when  fully  saturated.  This  solution  absorbs  oxy- 
gen with  Caicility.  But  it  cannot  be  safely  employed  in  eudiometry ; 
because  the  absorption  of  oxygen  is  accompanied,  or  at  least  very  soon 
followed,  by  an  evolution  of  gas  from  the  liquid  itself. 

Sir  H.  Davy  ascertained  that  the  deutoxide  of  nitrogen  is  dissolved 
directly  by  the  solution  of  iron,  in  the  cold,  without  decomposition; 
and  that  when  the  solution  is  heated,  the  greater  part  of  the  gas  is 
disengaged,  and  the  remainder  decomposed.  The  decomposition  is 
determined  chiefly  by  the  affinity  of  the  protoxide  of  iron  for  oxygen 
gas.  The  protoxide  of  iron  decomposes  a  portion  of  water  and  of  the 
deutoxide  of  nitrogen  at  the  same  time,  and  unites  with  the  oxygen  of 
both ;  while  the  hydrogen  of  the  water,  and  the  nitrogen  of  the  deut- 
oxide combine  together,  and  generate  ammonia.  Nitric  aeid  is 
formed  when  the  solution  is  exposed  to  the  air  or  oxygen  gas,  but 
not  otherwise. 

Hyponitrous  Acid. 

On  adding  an  excess  of  deutoxide  of  nitrogen  to  oxygen  gas,  con- 
fined in  a  glass  tube  over  mercury,  Gay-Lussae  observed  that  the  ab- 
sorption is  always  uniform,  provided  a  strong  s.olution  of  pure  potassa 
is  put  into  the  tube  before  mixing  the  two  gases.    He  found  that  100 

oxide  of  nitrogen  unite  in  the  proportions  to  form  nitrous  acid,  one- 
third,  and  not  one-fourth,  of  the  diminution  ought  to  be  duei  to  oxy- 
gen ;  for  nitrous  acid  is  composed  of  one  volume  of  oxygen  and  two 
volumes  of  deutoxide  of  nitrogen.  It  may  be  asked,  therefore,  what  are 
the  real  products  of  Xhe  experiment ;  as,  in  point  of  fact,  one-fourth 
of  the  gaseous  matter  which  disappears  is  due  to  oxygen  ?  The  late 
Dr  Dana  ingeniously  reconciled  this  result  with  the  theory  of  volumes, 
by  supposing  that  two-thirds  of  the  deutoxide  of  nitrogen  become  hy- 
ponitrous  acid,  and  one-third,  nitrous  acid^  Thus  supposing  six 
volumes  of  the  deutoxide  to  be  mixed  with  a  sufficient  quantity  of 
oxygen,  four  volumes  are  assumed  to  be  converted  into  hyponitrous 
acid,  by  combining  with  one  volume  of  oxygen,  and  the  remaining 
two,  into  nitrous  acid  by  uniting  with  the  same  quantity  of  oxygen. 
In  this  manner  six  volumes  of  deutoxide  and  two  volumes  of  oxygen, 
in  all  eight  volumes,  will  disappear,  being  condensed,  ia  above 
explained,  into  hyponitrous  acid  and  nitrous  acid.  Now  of  these 
eight  volumes,  it  is  apparent  that  two  tH)lumes,  or  one-fourth,  are 
oxygen. 

When  this  experiment  is  performed  with  certain  precautions, 
nitrous  acid  is  the  sole  product,  and  the  formula  for  calculating  the 
quantity  of  oxygen,  is  of  course  to  divide  the  deficit  by  three.  I  had 
the  pleasure  of  seeine  this  {xroved  experimentally,  on  several  oeca^ons, 
by  Dr  Hare  of  the  University  of  Pennsylvania.    B. 
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meftsares  of  oxygen  pa  combine  under  these  circiimstancee  with 
400  of  the  deutoxide»  tormiog  an  acid  which  unites  with  the  potasse. 
The  compound  so  formed  is  the  hyponttrous  acid,  the  composition  of 
which  may  be  easily  inferred  from  the  proportions  just  mentioned. 
For  as  the  deutozide  of  nitrogen  contains  half  its  volume  of  oxygen 
gas,  the  new  acid  must  be  composed  of  200  measures  of  nitrogen  to 
800  of  oxygen,  or  of  100  to  160.  It  contains,  therefore,  three  times  as 
much  oxygen  as  the  protoxide  of  nitrogen ;  so  that,  by  weight,  it  is 
formed  of 

Nitrogen        14        one  proportion. 
Oxygen       *   24        three  proportions, 
and  its  proportional  number  is  38. 

Another  method  of  forming  the  hyponitrous  acid  is  by  keeping  the 
deutoxide  of  nitrogen  for  three  months  in  a  glass  tube  oyer  mercury, 
in  contact  with  a  concentrated  solution  of  pure  potassa.  The  deutox- 
ide  is  resolved  into  hyponitrous  acid,  which  unites  with  the  potassa, 
and  into  the  protoxide  of  nitrogen  which  remains  in  the  tube. 

The  hyponitrous  acid  has  not  hitherto  been  obtained  in  a  free  state. 
When  an  acid  is  added  to  the  hyponitrite  of  potassa,  the  hyponitrous 
acid,  instead  of  being  dissolved  by  the  water  of  the  solution,  suffers 
decomposition,  and  is  converted,  according  to  Gay-Lussae,  into  ni- 
trous acid,  and  the  deutoxide  of  nitrogen. 

Nitrous  Acid. 

To  form  pure  nitrous  acid  by  th^  mixture  of  oxygen  gas  with  the 
deutoxide  of  nitrogen,  the  operation  nHust  not  be  conducted  over  water 
or  mercury.  The  presence  of  the  former  determines  the  production 
of  nitric  acid  ;  the  latter  is  oxidized  by  the  nitrous  acid,  and  therefore 
decomposes  it.  Sir  H.  Davy  made  this  compound  by  mixing  two 
measures  of  the  deutoxide  of  nitrogen  and  one  of  oxygen,  free  from 
moisture,  in  a  dry  glass  vessel,  previously  exhausted  by  the  air-pump. 
(Elements,  p.  261.)  Nitrous  acid  vapours  were  produced,  and  a  con- 
traction ensued,  amounting  to  about  one- half  the  volume  of  the  mix- 
ed gases.  The  experiments  of  Gay-Lussac  (An.  de  Ch.  et  de  Ph. 
vol.  i.)  were  similar  in  principle.  He  agrees  with  Sir  H.  Davy  as  to 
the  proportion  of  the  two  gases,  but  is  of  opinion  that  they  condense, 
in  uniting,  to  l-3d  of  their  original  volume.  The  conclusions  of  those 
chemists  respecting  the  composition  of  nitrous  acid  have  been  con- 
firmed by  the  researches  of  Dolong.  [An.  de  Ch.  et  de  Ph.  vol.  ii.) 
It  is  composed  therefore  of 

£y  Volume.        By  Weight. 
Nitrogen  100  14    or  one  equivalent. 

Oxygen  200  32    or  four  equivalents. 

and  its  combining  proportion  is  32+14sk46. 

The  nitrous  acid  vapour  is  characterized  by  its  orange- red  colour. 
It  is  quite  irrespirable,  exciting  great  irritation  and  spasm  of  the  glot- 
tis, even  when  moderately  diluted  with  air.  A  taper  burns  in  it  with 
considerable  brilliancy.  It  extinguishes  burning  sulphur ;  but  the  com- 
bustion of  phosphorus  continues  in  it  with  great  vividness; 

Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gaseous  form. 
The  liquid  «cid  is  most  conveniently  prepared  by  exposing  the  crys- 
talized  nitrate  of  lead,  carefully  dried,  to  a  low  red  heat.  The  nitric 
aeid  of  the  salt  is  by  thia  means  resolved  into  nitrous  acid  and  oxygen, 
and  if  the  products  are  received  in  vessels  kept  moderately  cool,  the 
greater  part  of  the  former  is  condensed  into  a  liquid.    This  substance 
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was  first  obtained  by  Gay-Lussac,  who  regarded  it  as  hyponitrous 
aci^,  and  described  it  as  such  in  the  essay  above  referred  to ;  but  M. 
Duiong  has  proved,  by  a  careful  analysis,  that  it  is  in  reality  anhy- 
drous nitrous  acid.  Dulong  procured  it  by  mixing  (he  deutoxide  of 
nitrogen  and  oxygen  gases  in  the  ratio  of  2  to  1,  and  exposing  the  ni- 
trous acid  vapours  to  a  low  temperature. 

The  liquid  anhydrous  acid  has  the  following  properties. — It  is  pow- 
erfully corrosive,  has  a  strong  acid  taste  and  pungent  odour,  and  is  of 
a  yellowish>orange  colour.  Its  density  is  1.451.  It  preserves  the  li- 
quid form  at  the  ordinary  temperature  and  pressure,  and  boils  at  82°  F* 
Exposed  to  the  atmosphere,  it  evaporates  with  great  rapidity,  forming 
the  common  nitrous  acid  vapours,  which,  when  once  mixed  with  air  or 
other  gases,  require  intense  cold  for  condensation. 

The  action  of  water  on  the  anhydrous  nitrous  acid  is  very  remarka- 
ble. On  mixing  it  with  a  large  quantity  of  water,  it  is  instantly  re- 
solved into  nitric  acid  and  the  deutoxide  of  nitrogen ;  the  former  unites 
with  the  water,  making  a  colourless  solution,  while  the  greater  part  of 
the  latter  escapes  in  the  form  of  gas.  When  nitrous  acid  is  added  to 
a  very  small  quantity  of  water,  none  of  the  deutoxide  is  disen- 
gaged ;  and  a  green  coloured  liquid  is  produced.  If  instead  of  em- 
ploying a  very  large  or  a  very  small  proportion  of  water,  the  anhy- 
drous acid  be  dropped  into  a  moderate  quantity  of  that  fluid,  the  dis- 
engagement of  the  deutoxide  of  nitrogen,  at  first  considerable,  becomes 
less  and  less  at  each  addition  of  the  acid,  till  at  last  the  evolution  of 
gas  ceases  altogether.  The  colour  of  the  solution  varies  consider- 
ably during  the  experiment.  From  being  quite  colourless,  the  liquid 
acquires  a  greenish-blue  tinge,  thence  passes  into  green  of  various 
depths  of  shade,  and  at  length  becomes  of  a  yellowish-orange,— ^he 
colour  of  nitrous  acid  itself. 

These  changes  are  of  a  complicated  nature,  and  may  be  accounted 
for  in  different  ways.  The  following  explanation  appears  to  me  most 
consistent  with  the  phenomena,  though  I  by  no  means  insist  on  its 
accuracy.  It  is  founded  on  the  supposition,  or  rather,  as  I  con- 
ceive, upon  the  fact,  that  the  nitrous  and  hyponitrous  acids  cannot  ex- 
ist alone  in  water,  but  are  always  decomposed  by  that  fluid  in  conse- 
quence of  its  affinity  for  nitric  acid.  When  a  drop  of  nitrous  acid  is 
added  to  a  very  small  quantity  of  water,  it  is  resolved  into  nitric  and 
hyponitrous  acids,  the  latter  being  protected  from  decomposition  by 
the  former  having  combined  with  the  water.  The  hyponitrous  acid 
is  therefore  mixed  with  the  solution  of  nitric  acid,  or  is  perhaps  chem- 
ically united  with  it.  On  adding  a  second  portion  of  nitrous  acid,  that 
acid  is  protected  from  decomposition  by  the  same  circumstance  which 
preserves  the  hyponitrous ;  and,  consequently,  it  remains  in  a  state  of 
mixture  or  combination  with  the  two  other  acids.  If  the  anhydrous 
nitrous  acid  be  mixed  with  a  large  quantity  of  water,  it  is  converted 
into  nitric  acid  and  the  deutoxide  of  nitrogen ;  and  every  successive 
addition  experiences  a  similar  change,  till  the  water  has  become  suffi- 
ciently charged  with  nitric  acid  to  enable  the  hyponitrous  to  exist  in 
it.  The  subsequent  additions  of  nitrous  acid  will  then  be  converted 
into  nitric  and  hyponitrous  acids,  until  the  affinity  of  the  water  for  ni- 
tric acid  is  so  far  satisfied  that  it  can  no  longer  decompose  the  ni- 
trous acid. 

The  chapges  which  are  produced  in  the  anhydrous  nitj^ous  acid  by 
adding  successive  portions  of  water,  maybe  anticipated  from  what 
precedes.  It  is  resolved  into  nitric  and  hyponitrous  acids,  and  into 
nitric  acid  and  the  deutoxide  of  nitrogen ;  and  when  the  dilution  is 
considerable,  the  greater  part,  if  not  the  whole,  of  the  hyponitrous  acid 
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wUJ  likewiie  be  decomposed.  The  colour  of  the  fluid  at  different  pe- 
riods of  the  process  is  attributed  to  the  quantity  of  nitrous  acid  which 
is  dissolved,  and  the  degree  of  its  dilution.  It  is  difficult  however  to 
perceive  how  an  orange  coloured  liquid  should  give  different  shades 
of  green  and  blue  merely  by  being  diluted.  Afoy  not  the  blue  be  caus- 
ed by  the  hyponitrous  acid,  the  different  shades  of  green  by  muturee 
of  the  hyponitrous  and  nitrous  acids,  and  the  yellow  and  orange 
by  the  preponderance  of  the  latter  ?  Some  observations  of  M.  Du- 
long  seem  to  justify  this  idea,  and  it  is  supported  by  the  action  of  the 
deutozide  of  nitrogen  on  nitric  acid. 

Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  oxygen  to 
the  more  oxidable  metals,  and  to  most  substances  which  have  a  strong 
affinity  for  it.  The  nitrous  acid  is  of  course  decomposed  at  the  same 
time ;  pure  nitrogen  and  the  protoxide  of  nitrogen,  are  sometimes 
evolved,  but  most  commonly  it  is  converted  into  the  deutoxide.  When 
transmitted  through  red-hot  porcelain  tubes,  it  suffers  decomposition, 
and  a  mixture  of  oxygen  and  niti^gen  gases  is  obtained. 

NUric  Acid. 

If  a  succession  of  electric  sparks  be  passed  through  a  mixture  of  oxy- 
gen and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  a  little 
water  being  present,  the  volume  of  the  gases  will  gradually  diminish, 
and  the  water  after  a  time  will  be  found  to  have  acquired  acid  proper- 
ties. On  neutralizing  the  solution  with  potassa,  or  what  is  better,  by 
putting  a  solution  -of  pure  potassa  instead  of  water  into  the  tube  at 
the  beginning  of  the  experiment,  a  salt  is  obtained  which  possesses  all 
ttie  properties  of  nitrate  of  potassa.  This  experiment  was  performed 
in  1785  by  Mr.  Cavendish,  who  inferred  from  it  that  nitric  acid  is  com- 
posed of  oxygen  and  nitrogen.  The  best  proportion  of  the  gases  was 
found  to  be  seven  of  oxygen  to  three  of  nitrogen ;  but  as  some  nitrous 
acid  is  always  formed  during  the  process,  the  exact  composition  of  ni- 
tric acid  cannot  be  determined  in  this  way. 

Nitric  acid  may  be  formed  much  more  conveniently  by  adding  the 
deutoxide  of  nitrogen  slowly  over  water  to  an  excess  of  oxygen  gas. 
Gay-Lussac  proved  that  the  nitric  acid  may  in  this  manner  be  obtained 
quite  free  from  the  nitrous  or  hyponitrous  acids ;  and  that  it  is  com- 
posed of  100  measures  of  nitrogen,  and  250  of  oxygen.  This  result 
agrees  with  the  proportion  which  Sir  H.  Davy  has  deduced  from  his 
olnervattons ;  and  it  is  confirmed  by  an  analysts  of  the  nitrate  of  ba- 
ryta recently  made  by  Dr  Henry.  Nitric  acid  is,  therefore, composed  of 

By  Volume.  By  Weight, 

Nitrogen  100  14    one  equivalent 

Oxygen  250  40    five  equivalents 

and  its  combining  proportion  or  equivalent  is  54. 

Nitric  acid  cannot  exist  in  an  insulated  state.  -  The  deutoxide  of 
nitrogen  and  oxygen  gases  never  form  nitric  acid  if  mixed  together 
when  quite  dry ;  and  nitrous  acid  vapour  may  be  kept  in  contact  with 
oxygen  gas  without  change,  provided  no  water  is  present.  The  most 
simple  form  under  which  chemists  have  hitherto  procured  nitric  acid 
is  in  solution  with  water;  ajiquid  which,  in  its  concentrated  state,  is 
the  nitric  acid  of  the  pharmacopoeia.  By  manufacturers  it  is  better 
known  by  the  name  of  aquafortis. 

The  nitric  acid  of  commerce  is  procured  bv  decomposing  some  salt 
of  nitric  acid  by  means  of  concentrated  sulphuric  acid  ;  and  common 
nitre,  as  the  cheapest  of  the  nitrates,  is  always  employed  for  the  pur- 
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pose.  This  salt»  previously  well  dried,  is  put  into  a  glass  retort,  and  a 
quantity  of  the  strongest  sulphuric  acid  is  poured  upon  it.  On  apply- 
ing heat,  ebullition  ensues,  owing  to  the  escape  of  nitric  acid  vapours, 
which  must  be  collected  in  a  receiver  kept  cold  by  moist  cloths.  The 
heat  should  be  steadily  increased  during  the  operation,  and  continued 
as  long  as  any  acid  vapours  come  over. 

Chemists  differ  as  to  the  best  proportions  for  forming  nitric  acid. 
The  London  College  recommends  equal  weights  of  nitre  and  sulphu- 
ric acid  ;  and  the  Edinburgh  and  Dublin  colleges  employ  three  parts  of 
nitre  to  two  of  the  acid.  The  proportion  of  the  London  College  is  so 
calculated,  that  the  potassa  of  the  nitre  shall  be  entirely  converted  in- 
to a  bisulphate;  for  one  proportion  of  nitre  (64  nitric  acid-f-48  potassa) 
is  102,  and  98  corresponds  to  two  proportions  of  concentrated  sulphu- 
ric acid.  To  comprehend  the  nature  of  this  process,  it  is  necessary  to 
observe,  that  the  strong  sulphuric  acid  of  commerce  consists  of  one 
equivalent  of  dry  acid  to  one  of  water,  and  that  the  strongest  nitric 
acid  contains  nearly  one  equivalent  of  dfy  or  real  acid  and  two  equiv- 
alents of  water.  Unless  supplied  with  this  proportion  of  water,  the 
nitric  acid  is  resolved,  at  the  moment  of  quitting  the  potassa,  into  oxy- 
gen and  nitrous  acid.  Now  in  the  process  of  the  London  College, 
the  water  in  the  oil  of  vitriol  is'  precisely  sufficient  for  uniting  with 
the  nitric  acid,  and  therefore  the  latter  passes  over  almost  entirely  as 
such  into  the  receiver.  If  the  mixture  be  introduced  into  the  retort 
without  soiling  its  neck,  and  the  heat  cautiously  raised,  tlie  product 
will  be  quite  free  from  sulphuric  acid  ;  and  therefore  the  second  distilla- 
tion from  nitre,  recommended  in  the  pharmacopoeia,  is  superfluous. 

The  proportions  of  the  Edinburgh  and  Dublin  Colleges  are  such, 
that  the  residual  salt  is  a  mixture  of  the  sulphate  and  bisulphate  of 
potassa.  The  water  of  the  oil  of  vitriol,  being  insufficient  for  uniting 
with  all  the  nitric  acid,  part  is  decomposed  towards  the  close  of  the 
process,  and  copious  rod  fuines  of  nitrous  acid  are  disengaged .  If  the 
receiver  be  kept  cool,  nearly  all  these  vapours  are  condensed ;  and  the 
product  is  a  mixture  of  nitric  and  nitrous  acids,  of  a  deep  orange-red 
colour,  very  strong  and  fuming,  and  of  a  greater  specific  gravity, 
though  proportionally  less  in  quantity,  than  that  obtained  by  the  fore- 
going process.  The  specific  gravity  of-  the  pale  acid  is  1.500,  while 
that  of  the  red  acid  is  1.520,  or  by  previously  drying  the  nitre  and 
boiling  the  sulphuric  acid,  Dr  Hope  states  that  it  may  be  made  so 
high  as  1.54. 

Some  manufacturers  decompose  nitre  with  half  its  weight  of  sulphuric 
acid,  thus  employing  the  ingredients  in  the  proportion  of  one  equiva- 
lent of  each.  In  this  case  about  half  of  the  nitric  acid  is  decomposed, 
and  considerable  loss  sustained,  unless  the  requisite  quantity  of  water 
is  previously  mixed  with  the  sulphuric  acid,  or  water  placed  in  the 
receiver  to  condense  the  nitrous  acid.  Some  of  the  nitre  is  likewise 
apt  to  escape  decomposition ;  and  the  residue  consfsting  of  neutral 
sulphate,  which  is  much  less  soluble  than  the  bisulphate,  is  removed 
from  the  retort  with  difficulty. 

In  none  of  the  preceding  processes,  not  even  in  the  first,  is  the 
product  quite  colourless;  for  at  the  commencement  and  close  of  the 
operation,  nitrous  acid  fumes  are  disengaged,  which  communicate  a 
straw-yellow  or  an  orange- red  tint,  according  to  their  quantity.  If  a 
very  pale  acid  is  required,  two  receivers  should  be  used;. one  for  con- 
densing the  colouriess  vapours  of  nitric  acid,  and  another  for  the  co- 
loured products.  The  coloured  acid  is  called  nitrous  acid  by  the 
college ;  but  it  is  in  reality  a  mixture  or  compound  of  nitric  and  nitrous 
acids,^  similar  to  what  may  be  obtained  by  mixing  anhydrous  nitrous 
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with  colourless  nitric  acid.  It  is  easy  to  convert  the  common  mited 
acid  of  the  college  into  colourless  nitric  acid,  by  exposing  the  former 
to  a  gentle  heat  for  some  time,  when  all  the  nitrous  acid  will  be  ex* 
pelled.  But  this  process. is  rarely  necessary,  as  the  coloured  acid  may 
be  substituted  in  almost  every  case  for  that  which  is  colourless* 
Where  an  acid  of  great  strength  is  required,  the  former  is  even  pre* 
ferable. 

Nitric  acid  frequently  contains  portions  of  sulphuric  and  muriatic 
acid.  The  former  is  derived  from  the  acid  which  is  used  in  the  pro- 
cess ;  and  the  latter  from  sea-salt,  which  is  frequently  mixed  with 
nitre.  These  impurities  may  be  detected  by  adding  a  few  drops  of  a 
solution  of  muriate  of  baryta  and  nitrate  of  silver  to  separate  portions 
of  nitric  acid,  diluted  with  three  or  four  parts  of  distilled  water.  If  the 
muriate  of  baryta  cause  a  cloudiness  or  precipitate,  sulphuric  acid 
must  be  present;  if  a  similar  effect  be  produced  by  nitrate  of  silver, 
the  presence  of  muriatic  acid  may  be  inferred.  Nitric  acid  is  purified 
from  sulphuric  acid  by  redistilling  it  from  a  small  quantity  of  the  nitrate 
of  potassa,  with  the  alkali  of  which  the  sulphuric  acid  unites,  and  re- 
mains in  the  retort.  To  separate  the  muriatic  acid,  it  is  necessary  to 
drop  a  solution  of  nitrate  of  silver  into  the  nitric  acid  as  long  as  a  preci- 
pitate is  formed,  and  draw  off  the  pure  acid  by  distillation. 

Nitric  acid  possesses  acid  properties  in  an  eminent  degree.  A  few 
drops  «f  it  diluted  with  a  considerable  quantity  of  water  form  an  acid 
solution,  which  reddens  litmus  paper  permanently.  It  unites  with 
and  neutralizes  alicallne  substances,  forming  with  them  salts  which 
are  called  nitrates.  In  its  purest  and  most  concentrated  state  it  is 
colourless,  and  has  a  specific  gravity  of  1.50  or  1.610.  It  still  con- 
tains a  considerable  quantity  of  water,  from  which  It  cannot  be  sepa- 
rated without  decomposition,  or  by  uniting  with  some  other  body. 
An  acid  of  deosiW  1.50  contains  25  per  cent  of  water,  according  to 
the  experiments  of  Mr  Phillips ;  and  20.3  per  cent  according  to  those 
of  Dr  Ure*.  Nitric  acid  of  this  strength  emits  dense,  white,  suffoca- 
ting vapours  when  exposed  to  the  atmosphere.  It  attracts  watery 
vapour  from  the  air,  whereby  its  specific  gravity  is  diminished.  A 
rise  of  temperature  is  occasioned  by  mixing  it  with  a  certain  quantity 
of  water.  Dr  Ure  found  that  when  58  measures  of  nitric  acid,  of  spe- 
cific gravity  1.5,  are  suddenly  mixed  with  42  of  water,  the  tempera- 
ture rises  from  60  to  140°  F.  and  the  mixture  on  cooling  to  60°,  occu- 
pies the  space  of  92.65  measures  instead  of  100.  From  its  strong 
a£&nity  for  water,  it  occasions  snow  to  liquefy  with  great  rapidity ; 
and  an  intense  degree  of  cold  is  generated  if  the  mixture  be  made  in 
due  proportionf. 

Nitric  acid  boils  at  248°  F.  and  may  be  distilled  without  suffering 
material  change.  An  acid  of  less  specific  gravity  than  1.42  becomes 
stronger  by  being  heated,  because  the  water  evaporates  more  rapidly 
than  the  acid.  An  acid,  on  the  contrary,  which  is  stronger  than  1.42 
is  weakened  by  the  application  of  heat. 

Nitric  acid  may  be  frozen  by  cold.  The  temperature  at  which 
congelation  takes  place,  varies  with  the  strength  of  the  acid.  The 
strongest  acid  freezes  at  about  50  degrees  below  zero.  When  diluted 
with  half  its  weight  of  water,  it  becomes  solid  at  — li°  F.  By  the 
addition  of  a  little  more  water  its  freezing  point  is  lowered  to  -—45°  F. 


*  See  his  Table  in  the  Appendix,  showing  the  strength  of  diluted 
acid  of  different  densities, 
t  See  Table  of  frigorific  mixtures,  pages  53  and  54. 
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Nitric  aeid  acta  poirsrfolly  on  ■ubBtftnces  which  are  disposed  to 
ttDkewith  oxygen;  and  hence  it  is  much  employed  by  chemists  for 
bringing  bodies  to  their  maximum  of  oxidation.  Neariy  all  the 
metals  are  oxidized  by  it;  and  some  of  them,  such  as  tin,  copper,  and 
mercury,  are  attacked  with  great  violence.  If  flung  on  burning 
eharcoal,  it  increases  -the  briUianey  of  its  combustion  in  a  high  degree. 
Sulphur  and  phosphorus  are  converted  into  acids  by  its  action.  All 
vegetable  substances  are  decomposed  by  it.  In  general  the  oxygen 
of  the  nitric  add  enters  into  direct  combination  with  the  hydrogen 
and  carbon  of  those  compounds,  forming  water  with  the  first,  and 
carbonic  acid  with  the  second.  This  happens  remarkably  in  those 
eom|Sbunds  in  wlrich  hydrogen  and  carbon  are  predominant,  as  in  al- 
cohol and  the  oils.  It  effects  the  decomposition  of  animal  matters 
also.  The  cuticle  and  nails  receive  a  permanent  yellow  stain  when 
touched  with  it ;  and  if  applied  to  the  skin  in  sufficient  quantity,  it 
acts  as  a  powerful  cautery,  destroying  the  organisation  of  the  part 
entirely.  * 

When  oxidation  is  effected  through  the  medium  of  nitric  acid,  the 
acid  itself  is  commonly  converted  into  the  deutoxide  of  nitrogen. 
This  gas  is  sometimes  given  off  nearly  quite  pure ;  but  in  general 
some  nitrous  acid,  protoxide  of  nitrogen,  or  pure  nitrogen  is  disen* 
gaged  at  the  same  time.  The  direct  solar  light  deoxidizes  nitric  acid, 
resolving  a  portion  of  it  into  oxygen  and  nitrous  acid.  The  former 
separates ;  the  latter  is  absorbed  by  the  nitric  acid,  and  converts  it 
into  the  mixed  nitrous  add  of  the  shops.  When  the  vapour  of 
nitric  acid  is  transmitted  through  red-hot  porcelain  tubes,  it  suffers 
complete  decomposition,  and  -a  mixture  of  oxygen  and  nitrogen  gases 
is  the  product. 

Nitric  acid  may  also  be  deoxidized  by  passing  a  current  of  the 
deutdxide  of  nitrogen  through  it.  That  gas,  by  taking  oxygen  from 
the  nitric  acid,  is  converted  into  nitrous  acid  ;  and  a  portion  of  nitric 
acid,  by  losing  oxygen,  passes  into  the  same  compound.  The  nitrous 
acid,  thus  derived,  from  two  sources,  gives  a  colour  to  the  nitric  acid 
the  depth  and  kind  of  which  depend  upon  the  quantity  of  the  deutox- 
ide of  nitrogen  which  has  been  employed.  The  first  portion  commu- 
nicates a  pale  straw  colour,  which  gradually  deepens  as  the  absorption 
of  the  deutoxide  continues,  till  the  nitric  acid  has  acquired  a  deep 
orange  hue,  together  with  all  the  characters  of  strong  fuming  nitrous 
acid.  But  the  solution  still  continues  to  absorb  the  deutoxide ;  and 
in  doing  so,  its  colour  passes  through  different  shades  of  olive  and 
green,  till  it  becomes  greenish-4>lue.  By  applying  heat  to  the  blue 
liquid,  the  deutoxide  of  nitrogen  is  evolved ;  and  in  proportion  as  it 
escapes,  the  colour  of  the  solution  changes  to  green,  olive,  orange, 
and  yellow,  at  length  becoming  pale  as  at  first.  Nitrous  acid  vapours 
are  likewise  disengaged  as  well  as  the  deutoxide.  These  phenomena 
are  very  favourable  to  the  view  that  the  conversion  of  the  orange  co- 
lour into  olive,  green,  and  blue,  is  owing  to  the  formation  of  hyponi- 
trous  acid. 

All  the  salts  of  nitric  acid  are  soluble  in  water,  and  therefore  it  is 
impossible  to  precipitate  that  acid  by  any  reagent.  The  presence 
of  nitric  acid,  when  uncombined,  is  readily  detected  by  its  strong  ac- 
tion on  copper  and  mercury,  and  by  its  forming  with  potassa  a  neutral 
salt,  which  crystallizes  in  prisms,  and  which  has  all  the  propertfeM  of 
nitre.  Gold  leaf  is  a  still  more  delicate  test.  When  muriatic  add  is 
added  to  the  solution  of  a  nitrate,  chlorine  is  disengaged,  and  (h&li- 
quid  hence  acquires  the  property  of  dissolving  gold  leaf;  but  as  the 
action  of  muriatic  acid  on  the  salts  of  chloric  and  bromic  acids  likewise^ 
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jnelds  a  tolvtioo  ca]Nible  of  dksolviDg  gold,  no  inferMce  can  be 
drawn  from  the  experiment,  except  the  absence  of  these  acids  has 
been  previously  demonstrated.  A  new  test  of  the  presence  of  nitric 
acid  has  recently  been  proposed  b^  Dr  Liebig.  The  liquid  to  be  ex* 
amined  must  be  mixed  with  a  sufficient  quantity  of  a  solution  of  indi- 
go in  sulphuric  acid  for  acquiring  a  distinct  blue  colour;  a  few  drops 
of  sulphuric  acid  must  be  then  added,  and  the  mixture  boiled.  If  a  nitrate 
is  present,  thd  liquid  will  be  bleached,  or,  if  the  quantity  is  very  small, 
rendered  yellow.  By  this  process  nitric  acid  may  be  detected,  though 
diluted  with  400  times  its  weight  of  water ;  or  by  adding  a  little  muri- 
ate of  soda  to  the  liquid  before  applying  heat,  1- 500th  part  of  nitric 
aeid  may  be  discovered.  (Quarterly  Journal  of  Science  for  July  1827, 
p.  204.) 


SECTION  VI. 

CARBOJ^. 

When  wood  is  heated  to  a  certain  degree  in  the  open  air,  it  takes 
fire,  and  bums  with  the  formation  of  water  and  carbonic  acid  gas,  till 
the  whole  of  it  is  consumed.  A  small  portion  of  ashes,  consisting 
ef  the  alkaline  and  earthy  matters  which  had'  formed  a  part  of  the 
wood,  is  the  sole  residue.  But  if  the  wood  be  heated  to  redness  in 
close  vessels,  so  that  the  atmospheric  air  cannot  have  free  access 
to  it,/a  large  quantity  of  gaseous  and  other  volatile  matters  is  expel- 
led, and  a  black,  hard,  porous  substance  is  left,  called  ehareoal. 

Charcoal  may  be  procured  from  other  sources.  When  the  volatile 
matters  are  driven  off  from  coal,  as  in  the  process  for  making  coal  gas, 
a  peculiar  kind  of  charcoal,  called  coke,  remains  in  the  retort.  Most 
animal  and  vegetable  substances  yield  it  when  isnited  in  close  vessels. 
Thus,  a  very  pure  charcoal  may  be  procured  from  starch  or  sugar ; 
and  from  the  oil  of  turpentine  or  spirit  of  wine,  by  passing  their  vapour 
through  tubes  heated  to  redness.  When  bones  are  made  red-hot  in  a 
covered  crucible,  a  black  mass  remains,  which  consists  of  charcoal 
mixed  witb  the  earthy  matters  of  the  bone.  It  is  called  ivory  black 
or  anim<U  ehareoal. 

Charcoal  is  hard  and  brittle^  conducts  heat  ^  very  slowly,  but  is 
a  good  conductor  of  electricity.  Its  density  is  stated  much  too  low 
in  chemical  H^orks: — according  to  Mr  Leslie^  its  specific  gravity  is. 
rather  greater  than  that  of  the  diamond.  It  is  quite  insoluble  in  water, 
is  attacked  with  difficulty  by  nitric  acid,  and  is  little  affected  by  any 
of  the  other  acidS)  or  by  the  alkalies.  It  undergoes  Uttle  change  from 
exposure  to  air  and  moisture,  being  less  injured  under  these  circum- 
stances than  wood.  It  is  exceedingly  refractory  in  the  fire,  if  exclud- 
ed from  the  air,  supporting  the  most  intense  beat  which  chemists  are 
able  to  produce  without  cnange. 

Charcoal  possesses  the  property  of  absorbing  a  large  quantity  of  air 
or  oth^r  gases  at  common  tem^eratureSi  and  of  yielding  the  greater 
part  of  them  again  when  it  is  heated.  It  appears  from  the  researches 
of  Saussure,  that  different  gases  are  iabseirbed  by  it  in  di^erent  propor- 
tions. His  experiments  were  performed  by  plunging  a  piece  of 
l^d-hot  charcoal  under  mercury,  and  introducing  it  wnen  cool  into  the 
gas  to  be  absorbed.  He  found  that  charcoal  prepared  from  box-wood, 
absorbs,  during  the  spaee  of  24  or  3^  hours,  of 
P 
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AmBMBiacftl  gM  90  timM  ilt  volMBft. 

Muriatic  acid  •  •  86 

SulphurouB  acid  •  »  65 

Sulphuretted  hydrogen  •  •  66 

Nitrous  oxide  i      .  .  40 

Carbonic  acid  .  .  86 

OlefiaDtgas  •  •  86 

Carbonic  oxide  .  9.42 

Oxygen  .  .  9-25 

Nitrogen  ,       .  .  7.6 

Hydrogen.  •  .  1.75 

The  absorbing  power  of  charcoal  with  respect  to  gases,  cannot  be 
attributed  to  chemical  action ;  for  the  quantity  of  each  gas,  which  is 
absorbed,  bears  no  relation  whatever  to  its  affinity  for  charcoal.  The 
effect  is  in  reality  owing  to  the  peculiar  porous  texture  of  that  sub- 
stance, which  enables  it,  in  common  with  most  spongy  bodies,  to  ab- 
sorb more  or  less  of  all  gases,  vapours,  and  liquids,  with  which  it  is  in 
contact.  This  property  is  most  remarkable  in  charcoal  prepared  from 
wood,  especially  in  the  compact  varieties  of  it,  the  pores  of  which  are 
numerous  and  small.  It  is  materially  diminished  by  reducing  the 
charcoal  to  powder ;  and  in  plumbago,  which  has  not  the  requisite  de- 
gree of  porosity,  it  is  wanting  altogether. 

The  porous  texture  of  charcoal  accounts  for  the  general  fact  of  ab- 
sorption only ;  its  power  of  absorbing  more  of  one  gas  than  of  another,, 
must  be  explained  on  a  different  principle.  This  effect,  though  modi- 
fied to  all  appearance  by  the  [influence  of  chemical  i  attraction,  seems 
to  depend  chiefly  on  the  natural  elasticity  of  the  gases.  Those  which 
possess  such  a  great  degree  of  elasticity  as  to  have  hitherto  resisted  all 
attempts  to  condense  them  into  liquids,  are  absorbed  in  the  smallest 
proportion;  while  those  that  admit  of  being  converted  into  liquids  by 
compression,  are  absorbed  more  freely.  For  this  reason,  charcoal  ab- 
sorbs vapours  more  easily  than  gases,  and  liquids  than  either. 

Messrs  Allen  and  Pepys  determined  experimentally  the  increase  in 
weight  experienced  by  diffisrent  kinds  of  charcoal,  recently  ignited, 
after  a  week's  exposure  to  the  atmosphere.  The  charcoal  from  fir 
sained  13  per  cent ;  that  from  Ugnum  vUae,  9.6 ;  that  from  box,  14 ; 
from  beech,  16.8;  from  oak,  16.6 ;  and  from  mahogany,  18.  The  ab- 
sorption is  most  rapid  during  the  first  24  hours.  The  substance  ab- 
sorbed is  both  water  and  atmospheric  air,  which  the  charcoal  retains 
with  such  force,  that  it  cannot  be  completely  separated  from  them 
without  exposure  to  a  red  heat.  Vogel*  has  observed  that  charcoal  ab- 
sorbs oxygen  in  a  much  greater  proportion  from  the  air  than  nitrogen. 
Thus,  when  recently  ignited  charcoal,  cooled  under  mercury,  was  put 
into  a  jar  of  atmospheric  air,  the  residue  contained  only  8  percent  of 
oxygen  gas;  and  if  red>hot  charcoal  be  plunged  into  water,  and  then 
introduced  into  a  vessel  of  air,  the  oxygen  disappears  almost  entirely. 
It  is  said  that  pure  nitrogen  may  be  obtained  In  this  way. 

Charcoal  likewise  absorbs  the  odoriferous  and  colouring  principles 
of  most  animal  and  vegetable  substances.  When  coloured  infusions 
of  this  kind  are  digested  with  a  due  quantity  of  charcoal,  a  solution  is 
obtained,  which  is  nearly  if  not  quite  colourless.  Tainted  flesh  may 
be  rendered  sweet  and  eatable  by  this  means,  and  foul  water  may  be 
purified  by  filtering  through  charcoal.    The  substance  commonly  em- 

*  Schweigger's  Joufiial>  vol.  iv. 
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l^ed  10  d«Ml«rii«"fl«Ufl  if  animal  charcoal  redoeed  to  a  fine  pow- 
dw«  J(  loses  the  property  of  abf  orbing  colouring  matters  by  use*  but 
recoTers  it  by  being  heated  to  redness. 

Charcoal  is  highly  combustible.'^  When  otrongly  heated  in  the  open 
air»  It  takes  £re,  and  bums  slowly.  In  oxygen  gas,  its  combustion  is 
li?ely»  and  accompanied  with  the  emission  of  sparks.  In  both  cases 
it  is  consumed  without  flame,  smoke*  or  residue,  if  quite  pure ;  and 
carbonic  acid  gas  is  the  product  of  its  combustion. 

The  pure  inflammable  principle,  which  is  the  characteristic  ingredi- 
•ent  of  all  kinds  of  charcoal,  is  called  cardofi.  In  coke  it  is  in  a  very 
impure  form.  Wood-charcoal  contains  about  l-60th  of  its  weight  of 
aUmline  and  earthy  salts,  which  constitute  the  ashes  when  this 
species  of  charcoal  is  burned.  In  plumbago,  the  carbon  is  combined 
with  a  smaU  portion  of  metallic  iron.  Charcoal  derived  from  spirit  of 
wine  is  almost  quite  pure ;  and  the  diamond  is  carbon  in  a  atate  of  ab- 
solute purity. 

The  diamond  is  the  hardest  substance  in  nature.  Its  teztore  is 
crystalline  in  a  high  degree,  and  its  cleavage  yery  perfect.  Its  pri- 
mary form  is  the  octahedron.  It  has  a  specific  gravity  of  8.620.  Acids 
and  alkalies  do  not  act  upon  it;  and  it  bears  the  most  intense  heat 
in  close  vessels  without  fusing  or  undergoiog  any  perceptible  change. 
Heated  to  14**  W,  in  the  open  «ir,  it  is  entirely  consumed.  Newton 
first  suspected  it  to  be  combustible  from  its  great  refracting  power,  a 
conjecture  which  was  rendered  probable  by  the  experiments  of  the 
Florentine  academicians  in  1694,  and  which  was  subsequently  confirm- 
ed by  several  philosophers.  Lavoisier  first  proved  it  to  contain  carbon, 
by  throwing  the  sup's  rays,  concentrated  by  a  powerful  lens,  upon  a  dia- 
mond contained  in  a  vessel  of  oxygen  gas.  The  diamond  was  con- 
sumed entirely,  oaygen  disappeaieNd,  andoarbonie  acid  was  generated. 
It  has  since  been  demonstrateid  by  the  researches  of  Guyton-Mon'oau* 
Smithson  Tennant,  AUenand  Pepys,and  Sir  H.  Davy,  that  carbonic  acid 
is  the  product  of  its  combustion*  Guyton-Morveau  inferred  from  his  ex* 
periments  that  the  diamond  is  pure  carbon^  and  that  charcoal  is  an 
oxide  of  carbon.  Tennant  burned  diamonds  by  heating  them  with 
nitre  in  a  gold  iube;  and  comparing  his  own  results  with  those  of 
Lavoisier  on  the  combustion  of  charcoal,  he  concluded  that  equal 
weights  of  diamond  and  pure  charcoal,  in  combining  with  oxygen, 
yield  precisely  equal  quantities  of  carbonic  acid.  He  was  ttius  in- 
duced to  adopt  the  opinion,  that  charcoal  and  the  diamond  are  chemi- 
cally tlie  same  substance ;  and  that  the  difference  In  their  physical 
characters  is  solely  dependent  on  a  difference  of  aggregation*.  This 
conclusion  was  confirmed  by  the  experiments  of  Allen  and  Pepysf, 
and  Sir  H.  Davy^,  who  compared  the  product  of  the  combustion  of 
the  diamond  with  that  derived  from  different  kinds  of  charcoal.  The 
latter  chemist  did  indeed  observe  the  production  of  a  minute  quantity 
of  witer  during  the  combustion  of  the  purest  charcoal,  indicative  of 
a  trace  of  hydrogen ;  but  its  quantity  is  so  exceedingly  small,  that  it 
cannot  be  regarded  as  a  necessary  constituent.  It  proves  only  that 
a  trace  of  hydrogen  is  retained  with  such  force  by  ehnreoal,  tint' it 
caonol  bo  .expelled  by  (he  tempeiature  of  ignition* 

Carbonic  Acid. 

Carbonic  add  was  diseoverad  by  Dr.  Black  in  IT87,  and  described  ~ 
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by  him  in  his  inaagural  dissertation iie  Magnesia  AUfa,  under  the  i 
of  fixed  air.  He  observed  the  existence  of  this  gas  in  common  lime'* 
stone  and  magnesia,  and  found  that  it  may  be  expelled  from  these  sub-  • 
stances  by  the  action  of  heat  or  acids.  He  also  remarked  that  the 
same  gas  is  formed  during  respiration,  fermentation,  and  combostloa. 
Its  composition  was  first  demonstrated  synthetically  by  Lavoisier,  who 
burned  carbon  in  osygen  gas,  and  obtained  carbonic  acid  as  the  pro* 
duct.  The  late  Mr  Smithson  Tennant  illustrated  its  nature  analytical- 
ly by  passing  the  vapour  of  phosphorus  over  chalk,  or  carbonate  of 
limQ,  heated  to  redness  in  a  glass  tube,  llie  phosphorus  took  oxygen 
fi'om-the  carbonic  acid,  charcoal  ift  the  form  of  a  light  black  powder 
was  deposited,  and  the  phosphoric  acid,  which  was  formed,  united 
with  the  lime. 

Carbonic  acid  is  most  conveniently  prepared  for  the  purposes  of  ex- 
periment by  the  action  of  muriatic  acid,  diluted  with  two  or  three  timee 
its  weight  of  water,  on  fragments  of  marble.  The  muriatic  acid  unites 
with  the  lime,  forming  a  muria^  of  lime,  and  carbonic  acid  gas  escapes 
with  effervescence. 

Carbonic  acid,  as  thus  procured,  is  a  colourless,  inodorous,  elastic 
fluid,  which  possesses  all  the  physical  characters  of  the  gases  in  an 
eminent  degree,  and  requires  a  pressure  of  thirty -yx  atmospheres  to 
condense  it  into  a  liquid.  According  to  the  recent  experiments  of  Dr 
Thomson,  (First  Principles,  vol.  i.  p.  143)  100  cubic  inches  of  it,  at 
60°  F.  and  when  the  barometer  stands  at  30  inches,  weigh  46.&97 
grains ;  and  therefore  its  specific  gravity  is  1.6277. 

Carbonic  acid  extinguishes  burning  substances  of  all  kinds,  and  the 
combustion  does  not  cease  from  the  want  of  oxygen  only.  It  exerts 
a  positive  influence  in  checking  combustion,  as  appears  from  the  fact, 
that  a  candle  cannot  bum  m  a  gaseous  mixture  composed  of  four  mea- 
sures of  atmospheric  air,  and  one  of  carbonic  acid. 

It4s  not  better  qualified  to  support  the  respiration  of  animals ;  for  its 
presence,  even  in  moderate  proportion,  is  soon  fatal.  An  animal  can- 
not live  in  air  which  contains  sufficient  carbonic  acid  for  extinguisli- 
ing  a  lighted  candle ;  and  hence  the  practical  rule  of  letting  down  a 
burning  taper  into  old  wells  or  pits  before  any  one  ventures  to  descend. 
When  an  attempt  is  made  to  inspire  pure  carbonic  acid,  a  violent  spasm 
of  the  glottis  takes  place,  which  prevents  the  gas  from  entering  the 
lungs.  If  it  be  so  much  diluted  with  air  as  to  admit  of  its  passing  the 
glottis,  it  then  acts  as  a  narcotic  poison  on  the  S3rstem.  It  is  this  gas 
which  has  often  proved  destructive  to  persons  sleeping  in  a  confined 
room  with  a  pan  of  burning  charcoal. 

Carbonic  acid  is  quite  incombustible,  and  cannot  be  made  to  unite' 
with  an  additional  portion  of  oxygen.  It  is  a  compound,  therefore,  in 
which  carbon  is  in  its  highest  degree  of  oxidation. 

Lime-water  becomes  turbid  when  brought  into  contact  with  cer- 
bonic  acid.  The  lime  unites  with  the  gas,  forming  carbonate  of  Krae, 
which,  from  its  insolubility  in  water,  at  first  renders  the  solution  milky, 
and  afterwards  forms  a  white  flaky  precipitate.  Hence  lime-water  is 
not  only  a  valuable  test  of  the  presence  of  carbonic  acid,  but  is  fre- 
quently used  to  withdraw  it  altogether  from  any  gaseous  mixture  that 
contains  it. 

Carbonic  acid  is  absorbed  by  water.  This  may  be  easily  demon- 
strated, by  agitating  the  gas  with  that  liquid,  or  by  leaving  a  jar  full  of 
it  inverted  over  water.  In  the  first  case  the  gas  disappears  in  the 
course  of  a  minute;  in  the  latter  it  is  absorbed  gradually.  Recently 
boiled  water  dissolves  its  own  volume  of  carbonic  acid  at  the  common 
temperature  and  pressure ;  but  it  will  take  up  much  more  if  the  pros- 
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iwe  beificrcMed^  Hie  qoaatitjr  of  the  fur  alMorbed  fo  in  ezaet  n- 
tforwithlhecompraflsiBg  foree ;  that  li,  water  diMoWes  twice  Its  Tolome 
wben^be  pnnare  is  doubled^  and  three  timea  iu  volQme  when  the 
pfemire  is  trebled. 

A  saturated  'SoiutioB  of  carboDle  acid  may  he  made  by  passing  a 
stream  of  the  f^as  through  a  vessel  of  cold  water  during  tb«  si^ace  of 
half  «D  h^r,  or  still  better  by  the  use  of  a  Woulfe's  bottle  or  Nooth's 
apparatas,  so  as  to  aid  the  absorption  by  pressure.  Water  and  otiiet 
liquids  which  hare  been  charged  with  carbonic  acid  under  great  pres« 
snres,  lose  the  greater  part  of  the  gas  when  the  pressure  is  remoTOd. 
The  effervescence  which  takes  place  on  opening  a  bottle  of  ginger 
beer,'cyder«  or  brisk  champaign,  is  owing  into  the  escape  of  carbonic 
add.  gas.  Water,  which  is  fully  saturated  with  carbonic  acid  gas, 
sparklee  when-  it  *  is  poured  from  one  vessel  to  another.  The  solution 
has  aw  agreeably  acidulous  taste,  and  gives  to  litmus  paper  a  red  stain 
wtricfa  is  lest  on  exposure  to  the  air.  On  the  addition  of  lime-water 
to  it,  a -cloudiness  is  produced,  which  at  first  disappears,  because  the 
earfoonate  of  lime  is  soluble  in  excess  of  carbonic  acid ;  but  a  permanent 
preci(fitate  ensues  when  the  free  acid  is  neutralized  by  an  addidonal 
quantity  of  lime-water.  The  water  which  contains  carbonic  acid  In 
solution  is  wholly  deprived  of  the  gas  by  boiling.  Removal  of  pres- 
sur»  from- its  soince  by  means  of  the  air-ptimp  has  a  simifair  effect.^ 

The  agreeable  pungency  of  beet,  porter,  and  ale«  is  in  a  great  mra- 
sore  owing  to  the  presence  of  carbonic  acid,  by  the  loss  of  which,  on 
eaq>osure  to  the  air,  they  become  stale.  All  kinds  of  spring  and  weU 
weter  contain  carbonic  add  absorbed  from  the  atmosphm,  and  to 
wbleb  they  are  partly  indebted  for  their  pleasant  flavour.  Boiled  wa- 
ter has  an  insipid  taste  from  the  absenoe  of  carbonic  acid. 

^A  knowledge  of  the  exact  composition  *of  carbonic  acid  gas  is  of 
very  great  importance.  The  researches  of  AHen  and  Pepys,  and  Sir 
H.'  Bevy,  have  proved  incontestably  that  oxygen  gas,  in  combining 
witfar  carbon  so  as  to  form  carbonic  acid,  sufiers  no  diange  of  volume ; 
or,  in  other  words,  that  carbonTc  acid  contains  its  own  volume  of  oxy- 
gen. It  hence  IdUows  that  100  cubic  inches,  or  46.697  grains  of  car- 
bonic acid,  consist  of  10<^  cubic  inches,  or  8d.888  grains  of  oxygen, 
united  with  12.709  grdns  (46.697-^-83.888)  of  carbon. 

Now,  12.709  :  83.888  :  :  6  :  16 
and  since,  as  will  soon  appear,  %  is  .the  combining  proportion  of  car- 
bon, carbonic  acid  is  composed  of 

Carbon  6  one  proportional. 

Oxygen         16  two  proportionals. 

By  a  rule  which  is  given  at  page  129,  It  may  be  calculated  that  car- 
bon, if  supposed  to  exist  in  the  form  of  vapour,  would  have  a  specific 
gravity  of  0.4166 ;  from  which  it  follows,  that  100  cubic  inches  of  the 
vapiMir  of  carbon,  at  60*'  F.  and  when  the  barometer  stands  at  80  inches, 
would  weigh  12.709  grains.  Consequently,  100  cubio  inches  of  car* 
bonic.aeid  gas  are  composed  of 

Oxygen  gas        .  100  cubic  inches. 

Vapour  of  Carbon  100        Do. 

Carbonic  acid  is  always  present  in  the  atmosphere,  even  at  the  sum- 
mit of  the  highest  mountalnSf  or  at  a  distance  of  several  thousand  feet 
atMlte  the .  grt>und.  Its  presence  may  be  demonstrated  by  exposing 
llmft-spaler  in  an  open  vessel  to  the  air,  when  its  surface  will  soon  be 
oovteied  with  a  pellide,  which  is  carbonate  of  lime.  The  origin  of  the 
carbonic  acid  is  obvious.  Besides  being  formed  abundanuy  by  the 
roinhustion  of  all  substances  which  contain  cirbon»  tlie  respiration  of 
P  2 
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animals  is  a  fruitful  source  of  it,  as  may  be  proyed  by  breathing  for  » 
few  minutes  into  lime-water;  and  it  is  also  generated  in  all  the  spocH 
taoeous  changes  to  which  dead  animal  and  ▼eeetable  matters  are  sttb* 
ject.  The  carbonic  acid  proceeding  from  such  sources,  is  commonly 
diflfused  equably  through  the  air;  but  when  any  of  these  processes  Oe- 
cur  in  low  confined  situations,  as  at  the  bottom  of  old  welltk:ibe  |^s  fir 
then  apt  to  accumulate  there,  and  form  an  atmosphere  ca^Jm0he 
damp,  which  is  fatal  to  any  animals  that  are  placed  in  it.  Tbe^ae<^' 
cumulations  happily  never  take  place,  except  when  there  is  some  lo* 
cal  origin  for  the  carbonic  acid  ;  for  example,  when  it  is  generated  by 
fermentative  processes  going  on  at  the  surface  of  the  ground,  or  when 
it  issues  directly  from  the  earth,  as  happens  at  the  Grotto  del  Cane  in 
Italy,  and  at  Pyrmont  in  Westphalia.  Therais  no  real  foundation  for 
the  opinion  that  carbonic  acid  can  separate  itself  from  the  great  miss 
of  the  atmosphere,  and  accumulate  in  a  low  situation  merely  by  the 
force  of  gravity.  Such  a  supposition  is  contrary  to  the  well  known 
tendency  of  gases  to  diffuse  themselves  equally  through  one  another. 
It  is  also  contradicted  by  observation;  for  many  deep  pits,  which  are 
free  from  putrefying  organic  remains,  though  otherwise  favourably  sit- 
uated for  such  accumulations,  contain  good  atmospheric  air. 

*  Though  carbonic  acid  is  the  product  of  many  natural  operations, 
-  chemists  have  not  hitherto  noticed  any  increase  in  the  quantity  con- 
tained in  the  atmosphere.  The  only  known  process  which  tends  to 
prevent  an  increase  in  its  proportion,  is  that  of  vegetation.  Growing 
plants  purify  the  air  by  withdrawing  carbonic  acid,  and  yielding  an 
equal  volume  of  pure  oxygen  in  return ;  but  whether  a  full  compensa- 
tion is  produced  by  this  cause,  has  not  yet  been  satisfactorily  deter- 
mined. 

Carbonic  acid  is  contained  in  the  earth.    Many  mineral  springs,* 
such  as  that  of  Tunbridge,  Pyrmont,  and  Carlsbad,  are  highly  chai^pKl 
with  it.    In  combination  with  lime  it  forms  extensive  masses  of  rock, 
which  geologists  have  found  to  occur  in  all  countries,  and  in  every 
formation. 

Carbonic  acid  unites  with  alk^lne  substances,  and  the  salts  so  con- 
stituted are  called  carbonates*  Its  acid  properties  are  feeble,  so  that 
it  is  unable  to  neutralize  completely  the  alkaline  properties  of  potassa, 
soda,  and  lithia.  For  the  same  reason,  all  the  carbonates,  without  ex- 
ception, are  decomposed  by  the  muriatic  and  all  the  stronger  acids : 
the  carbonic  acid  is  displaced,  and  escapes  in  the  form  of  gas. 

Carbonic  Oxide  Oas. 

When  two  parts  of  well-dried  chalk  and  one  of  pure  iron  filings  are 
mixed  together,  and  exposed  in  a  gun-barrel  to  a  red  heat,  a  large 
quantity  of  aeriform  matter  is  evolved,  which  may  be  collected  over 
water.  On  examination,  it  is  found  to  contain  two  compounds  of 
carbon  and  oxygen,  one  of  which  is  carbonic  acid,  and  the  other  ear* 
banie  oxide.  By  washing  the  mixed  gases  with  lime-water,  the  car- 
bonic acid  is  absorbed,  and  Ihe  carbonic  oxide  gas  is  left  in  a  state  of 
purity. 

A  very  elegant  mode  of  preparing  carbonic  oxide  has  been  suggest- 
ed by  M.  Dumas.  (Edinburgh  Journal  of  Science,  No.  XII.  p.  S50.) 
The  process  consists  In  mixing  the  binoxalate  of  potassa  with  iaiv^  or 
six  times  its  weight  of  concentmted  sulphuric  acid,  and  heating  the 
mixture  in  a  retort  or  other  convenient  glass  vessel.  Effervescence 
soon  ensues,  owing  to  the  escape  of  gas  consisting  of  equal  meaiwes 
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of  carbonic  acid  and  carbonic  oxide  gasoa;  and  on  abaorbine  (be 
former  by  means  of  lime-water  or  solatfon  of  potaaaa,  the  latter  is  bft 
in  a  state  of  perfect  purity.  To  comprehend  the  theory  of  the  process, 
it  is  necessary  to  premise,  that  oxalic  acid  is  a  compound  of  equal 
measures  of  carbonic  acid  and  carbonic  oxide ;  or  at  least  its  elements 
are  in  the  proportion  to  form  these  gases,  and  that  it  cannot  exist  on* 
less  in  combination  with  water  or  some  other  substance.  Now  the 
sulphuric  acid  unites  both  with  the  potassa  and  water  of  the  bin- 
oxalate,  and  the  oxalic  acid  being  thus  set  free,  is  instantly  decom- 
posed. 

Priestley  discoyered  this  gas  by  igniting  chalk  in  a  gun-barrel,  and 
afterwards  obtained  it  in  greater  Quantity  from  chalk  and  Iron  filings. 
He  supposed  it  to  be  a  mixture  of  hydrogen  and  carbonic  acid  gases. 
Its  real  nature  was  pointed  out  by  Mr  Cruickshank*,  and  about  the 
same  time  by  Clement  and  D^sormesf. 

Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not  affect 
the  blue  colour  of  yegetables  in  any  way;  nor  does  It  combine,  like 
carbonic  acid,  with  lime  or  any  of  the  pure  alkalies.  It  is  yery  spar- 
ingly dissolved  by  water.  Lime-water  does  not  absorb  it,  nor  is  its 
transparency  afiected  by  it. 

Carbonic  oxide  is  Inflammable.  When  a  lighted  taper  is  plunged 
into  a  jar  full  of  that  gas,  the  taper  is  extinguished ;  but  Che  gas  itself 
Ifl  set  on  fire,  and  bums  calmly  at  its  surface  with  a  lamlwnt  blue 
flame*  The  sole  product  of  its  combustion,  when  the  gas  is  quite 
pore,  is  carbonic  acid,  a  fact  which  proves  that  it  does  not  contain 
any  hydrogen. 

Carbonie  oxide  gas  cannot  support  respiration.  It  acts  injuriously 
on  the  system;  for  if  diluted  with  air,  and  taken  into  the  lungs,  it 
yery  soon  occasions  beadach  and  other  unpleasant  feelings ;  and  when 
breathed  pure,  it  almost  instantly  causes  profound  coma. 

A  mixture  of  carbonic  oxide  and  oxygen  gases  may  be  made  to  ex- 
plode by  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark.  If 
they  are  mixed  together  in  the  proportion  of  100  measures  of  carbonic 
oxide  and  rather  more  than  50  of  oxygen,  and  the  mixture  is  inflam- 
ed in  Volta's  eudiometer  by  electricity,  so  as  to  collect  the  product 
of  the  combustion,  the  whole  of  the  carbonic  oxide,  together  with  60 
■wasurea  of  oxygen,  disappear,  and  100  measures  of  caroonic  acid  gas 
occupy  their  place.  From  this  fact,  which  was  ascertained  by  &T' 
thollet,  and  has  been  amply  confirmed  by  subsequent  obseryation,  the 
exact  composition  of  carbonic  oxide  gas  may  be  easily  deduced.  For 
carbonic  acid  contains  its  own  bulk  of  oxygen ;  and  since  100  measures 
«if  carbonic  oxide  with  60  of  oxygen  form  100  measures  of  carbonic  acid, 
it  follows  that  100  of  carbonic  oxide  are  composed  of  60  of  oxygen, 
united  precfsely  with  the  same  quantity  of  carbon  as  is  contained  in 
100  measures  of  carbonic  acid.  Consequently,  the  composition  of 
carbonic  acid  being 

By  Volume.  By  Weight. 

Vapour  of  carbon  100    "  Carbon        6 

or 

Oxygen  gas     .     100  Oxygen      16 

100  carbonic  acid  gas.  22  cMonic  acid. 


*  Nicholson's  Journal,  4to  Ed.  yol  y. 
t  Annates  de  Chimie,  vol.  xxxiz; 
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Thftt^of  carbonic  oxide  nuif  t  be 

By  Volume,  JBy  Weight, 

Vapour  of  carbon  100  Carbon       6 

or 

Oxygen  gas  50  Os^ygen      8 

100  carbonic  oxide  gas.         14  carbonic  oxide. 

Groine. 
Also,  since  60  cubic  inches  of  oxygen  gas  weigh  16.944 

and  100  of  the  vapour  of  carbon  12.709 


100  cubic  inches  of  carbonic  oxide  gas  must  weigh  29.653 

Its  specific  gravity  is  therefore  0.9721 ;  and  to  be  satisfied  of  the 
accuracy  of  the  .data  on  which  these  calculations  are  founded,  it  Is 
sufficient  to  stale,  that  its  density,  as  determined  by  Dr  Thomson, 
is  0:9700,  and  is  0.9727  according  to  the  experiments  of  Beixelnis  and 
Dulong. 

No  compound  of  carl>on  and  oxygen  is  known  which  contains  a 
less  quantity  of  oxygen  than  carbonic  oxide.  For  this  reason  it  is  re-' 
girded  as  a  combination  of  one  proportion  of  carbon^^6and  ono  of  oxy- 
gen =s  8 ;  and  carbonic  acid,  of  one  proportion  of  carbon  am  6  and  two 
of  oxygen  S3 16.  The  combining  proportion  of  caibonic  oxide  » 
therefore  14,  and  that  of  carbonic  acid  22. 

The  first  process  mentioned  for  generating*  carbonic  oxide  will  now 
be  intelligible.  The  principle  «f  the  method  is  to  bring  carbonic  acid 
at  a  red  heat  in  contact  with  some  substance  which  has  a  strong  affi- 
nity for  oxygen.  This  condition  is  fulfilled  by  igniting  chalic,  or  any 
carbonate  which  can  bear  a  red  heat  without  decomposition,  such  as 
the  carbonates  of  baryta,  strontia,  soda,  potassa,  or  lithia,  -with  ha  if 
its  weight  of  iron  filings  or  charcoal.  The  carbonate  is  reduced  to  Ihe 
caustic  state,  and  the  carbonic  acid  is  converted  into  carbonic  oxkto. 
by  yielding  oxygen  to  the  iron  or  the  charcoaL  When  the  first  is  used, 
an  oxide  of  iron  is  the  product;  when  charcoal  is  employed,  the 
charcoal  itself  is  converted  into  carbonic  oxide.  This  gas  may  like- 
wise be  generated  by  heating  to  redness  a  mixture  of  almost  any  me- 
tallic oxide  with  one-sixrh  of  its  weight  of  charcoal  powder.  The 
oxides  of  zinc,  iron,  or  copper,  are  the  cheapest  and  most  convenleBt. 
It  may  also  be  formed  by  transmitting  a  current  of  carbonic  acid  gas 
over  ignited  charcoal.  In  all  these  processes,  it  is  essential  that  the 
ingredients  be  quite  free  from  moisture  and  hydrogen,  othciiwiee 
some  carburetted  hydrogen  gas  would  be  generated.  The  product 
must  always  be  washed  with  lime-water  to  separate  it  from  eaibooie 
add. 

Dr  Henry  has  ascertained  that  when  a  succession  of  electric  sparks 
is  passed  through  carbonic  acid  confined  over  mercury,  a  portion  of 
that  gas  is  converted  into  carbonic  oxide  and  oxygen.  When  a  mix- 
ture of  hydrogen  and  carbonic  acid  gases  is  electrified,  a  portion  of 
(he  latter  yields  one  half  of  its  oxygen  to  the  former;  water  is  gener-* 
ated,  and  carbonic  oxide  produced.  On  electrifying  a  mixture  of 
equal  measures  of  carbonic  oxide  and  the  protoxide  of  nitrogen,  both 
gases  are  decomposed-  without  change  -of  volume,,  and  the  residue 
consists  of  equal  measures  of  carbonic  acid  and  nitrogen  gases.  The 
carbonic  oxide  should  be  in  very  slight  excess,  in  order  to  ensure  the 
success  of  the  experiment.  '  On  this  fact  is  founded  Dr  Henry's 
method  of  analyzing  the  protoxide  of  nitrogen,  and  testing  its  purity, 
as  will  be  more  particularly  mentioned  in  the  fourth  part  of  the 

•*rk. 
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SECTION  VIL 

SULPHUR. 

Sulphur  occurs  as  a  mineral  production  in  some  parts  of  the  e«nb« 

farticularly  io  the  neighbourhood  of  ?olcanoes,  as  in  Italy  and  Sicily, 
t  is  commonly  found  in  a  massive  state ;  but  it  is  sometimes  met  with 
crystallized  in  the  form  of  an  oblique  rhombic  octahedron.  It  exists 
much  more  abundantly  in  combination  with  several  metals,  such  aa 
silver,  copper,  antimony,  lead,  and  iron.  It  is  procured  in  large 
quantity  by  exposing  the  common  iron  pyrites  to  a  red  beat  in  close 
vessels. 

Sulphur  is  a  brittle  solid,  of  a  greenish-yellow  colour,  emits  a  pe- 
culiar odour  when  rubbed,  and  has  little  taste.  It  is  a  non-conductot 
of  electricity,  and  is  excited  negatively  by  friction.  Its  specific  gravi- 
ty is  1.99.  Its  point  of  fusion  is  at  216°  F;  between  230"  and  280f  it 
possesses  the  highest  degree  of  fluidity,  is  then  of  an  amber  colour, 
and  if  cast  into  cylindrical  moulds,  forms  the  common  roll  sulphur  of 
commerce.  It  begins  to  thicken  near  320°,  and  acquires  a  reddish 
tint;  and  at  temperatures  between  428°  and  482^,  it  is  so  tenacious 
that  the  vessel  may  be  inverted  without  causing  it  to  change  its  place. 
From  482°  to  its  boiling  point  it  becomes  liaurd  again,  but  never  to 
the  same  extent  as  when  at  248°.  When  heated  to  at  least  428°, 
and  then  poured  into  water,  it  becomes  a  ductile  mass,  ^hich  may 
be  used  for  taking  the  impression  of  seals.    (Dumas.) 

Fused  sulphur  has  a  tendency  to  crystallize  in  cooling.  A  crystal- 
line arrangement  is  perceptible  in  the  centre  of  the  common  roll  sul- 
phur ;  and  by  good  management  regular  crystals  may  be  obtained. 
For  this  purpose,  several  pounds  of  sulphur  should  be  melted  in  an 
earthern  crucible ;  and  when  partially  cooled,  the  outer  solid  crust 
should  be  pierced,  and  the  crucible  quickly  inverted,  so  that  the  inner 
and  as  yet  fluid  parts  may  gradually  flow  out.  On  breaking  the  solid 
mass,  when  quite  ^  cold,  crystals  of  sulphur  will  be  found  in  its  in- 
terior. ^ 

Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in  vapour  even 
before  it  is  completely  fused.  At  650°  or  600°  F.  it  volatilizes  rapidly, 
and  condenses  again  unchanged  in  dose  vessels.  Comskon  sulphur  is 
purified  by  this  process ;  and  if  the  sublimation  be  conducted  s)owly> 
the  sulphur  collects  in  the  receiver  in  the  form  of  detached  crystalline 
grains,  called  flowers  of  sulphur.  In  this  state,  however,  it  is  not 
quite  pure  ;  for  the  oxygen  of  the  air  within  the  apparatu^^mbines 
with  a  portion  of  sulphur  during  the  process,  and  forms  sulphurous 
acid.  The  acid  may  be  removed  by  washing  the  flowers  repeatedly 
with  water. 

Sulphur  Is  insoluble  in  water,  but  unites  with  it  under  favourable 
circumstances,  forming  the  white  hydrate  of  sulphur,  termed  Lae 
SulphuHs.  It  dissolves  readily  in  boiling  oil  of  turpentine.  The  so- 
lution has  a  reddish-brown  colour  like  melted  sulphur,  and  if  fully 
saturated  deposites  numerous  small  crystals  in  cooling.  Sulphur  is 
also  soluble  in  alcohol,  if  both  substances  are  brought  together  in  the 
form  of  vapour.  The  sulphur  is  precipitated  from  the  solution  by  the 
addition  of  water. 

Sulphur,  like  charcoal,  retains  a  portion  of  hydrogen  so  obstinately 
that  it  cannot  be  wholly  freed  from  it  either  by  fusion  or  sublimation. 
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Sir  H.  Davy  detected  its  presence  by  exposing  sulphur  to  the  strouj} 
heat  of  a  powerful  galvanic  battery,  when  some  sulphuretted  hydrogen 

Es  was  disengaged.  The  hydrogen,  from  its  minutQ  quantity,  can  only 
regarded  in  the  light  of  an  accidental  impurity,  and  as  nowise  es- 
sential to  the  nature  of  sulphur. 

When  sulphur  is  heated  in  the  opeii  air  to  800*^  F.  or  a  little  higher, 
it  kindles  spontaneously,  and  bums  with  a  faint  blue  light.  In  oxy- 
gen gas  its  combustion  is  far  more  Tivid ;  the  flame  is  much  larger, 
«nd  of  a  bluish- white  colour.  Sulphurous  acid  is  the  product  in  both 
instances ; — ^no  sulphuric  acid  is  formed  even  in  oxygen  gas  unless 
nKMstore  is  present. 

Compounds  of  Sulphur  and  Oxygen, 

Chemists  are  at  present  acquainted  with  four  compounds  of  sulphur 
and  oxygen^  all  of  which  have  acid  properties.  Their  composition  is 
i^own  by  the  following  table. 

Sulphur,  Oxygen.  Pr.8.  Pr,Ck, 

Hyposulphu reus  acid          82               S  •          2            1 

Sulphurous  acid                  16              16  .          1            2 

Sulphuric  acid                      16              24  .          1            8 

Uyposulphuric  acid            32              40  .          2           6 

Sulphurous  Add  Gas. 

Pure  sulphurous  acid,  at  the  common  temperature  and  pressure,  is  a 
colourless  transparent  gas,  which  was  first  obtained  in  a  separate  state 
by  Pri«stley*.  It  is  the  sole  product  when  sulphur  is  burned  hi  air 
or  dry  oxygen  gas,  and  is  the  cause  of  the  peculiar  odour  emitted  by 
that  substance  during  its  combustion.  It  may  also  be  prepared  by 
depriving  sulphuric  acid  of  one  proportion  of  its  oxygen.  This  may 
be  done  in  several  ways.  If  chips  of  wood,  straw,  or  cork,  oil,  or 
other  vegetable  matters,  be  heated  in  strong  sulphuric  acid,  the  carbon 
and  hydrogen  of  those  substances  deprive  the  acid  of  part  of  its  oxy- 

Sm,  and  convert  it  into  sulphurous  acid.  Nearly  all  the  metals,  with 
e  aid  of  heat,  have  a  similar  effect.  One  portion  of  sulphuric  acid 
yields  oxygen  to  the  metal,  and  is  thereby  converted  into  suiphnrous 
acid ;  while  the  metallic  oxide,  at  the  moment  of  its  formation,  unites 
with  some  of  the  undecomposed  sulphuric  add.  The  best  method 
of  obtaining  pure  sulphurous  acid  gas,  is  by  putting  two  parts  of  roer* 
cury  and  three  of  sulphuric  acid  into  a  glass  retort,  the  beak  of  which 
is  received  under  mercury,  and  heating  the  mixture  by  an  Argand 
lamp.  Effervescence  soon  takes  place,  a  large  quantity  of  pure 
sulphurous  acid  is  disengaged,  and  the  sulphate  of  the  oxide  of  merca- 
ry  remains  In  the  retort. 

Sulphurous  acid  gas  is  distinguished  from  all  other  gaseous  fluids  by 
its  suffocating  imngent  odour.  All  burning  bodies,  when  immersed  in 
it,  are  extinguished  without  setting  fire  to  the  gas  itself.  It  is  fatal 
to  all  animals  which  are  placed  in  it.  A  violent  spasm  of  the  glottif 
takes  place,  by  which  the  entrance  of  the  gas  into  the  lungs  is  prevent- 
ed ;  and  even  when  <liluted  with  air,  it  excites  >oough,  and  cattMS  a 
peculiar  uneasiness  about  the  chest. 

Recently  boiled  water  dissolves  about  88  times  its  vehime  of  ittl- 


•  Priestley  on  Air,  vol.  ii.  p.  1. 
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phuroaa  acid,  at  60°  F.  and  80  incbea  of  the  barometer,  formiDg  a  aolu- 
tion  which  has  the  peculiar  odour  of  that  compound,  and  firom  which 
the  gas  may  be  expelled  by  ebullition,  without  change. 

Sulphurous  acid  has  considerable  bleaching  pcoperties.  It  reddens 
litmus  paper,  and  then  slowly  bleaches  it.  Most  vegetable  colourioB 
matters,  such  as  that  of  the  rose  and  the  violet,  are  speedily  removed, 
without  being  first  reddened  by  it.  It  is  remarkable  that  the  colouring 
principle  is  not  destroyed  by  the  sulphurous  acid ;  it  may  be  restored 
either  by  a  stronger  acid  or  by  an  alkali. 

Sir  H.  Davy  inferred  Irom  his  experiments  on  the  combustion  of 
sulphur  in  dry  oxygen  gas,  (Elements,  p.  273,)  that  the  volume  of  the 
osygen  is  not  altered  during  the  process,  a  fact  which  is  now  admitted 
by  most  chemists ;  so  that  100  cubic  inches  of  sulphurous  acid  con- 
tain 100  cubic  inches  of  oxygen.  According  to  Dr  Thomson,  (Annals 
of  Philosophy,  zvi.  256,)  sulphurous  acid  gas  is  just  twice  as  heavy 
as  oxygen ;  and  the  experiments  of  Davy  and  of  Thenard  correspond 
very  closely  with  his  result.  It  follows,  therefore,  that  sulphurous 
licid  consists  of  equal  weights,  of  sulphur  and  oxygen ;  and  conae« 
quently  that  100  cubic  inches  weigh  67.776  grains,  and  contain 
33.883  grains  of  sulphur.  This  proportion  is  also  established  by  the 
researches  of  Berzelius.    (An.  de  Ch.  et  de  Ph.  vol.  v.) 

By  the  formula,  page  129,  it  may  be  calculated  that  the  specific 
gravity  of  the  vapour  of  sulphur  is  the  same  as  that  of  oxygen  gas,  or 
1.1111 ;  and  hence  100  cubic  inches  of  that  vapour  must  weigh 
33.888  grains.  From  this  it  is  manifest,  that  100  cubic  inches  of 
sulphurous  acid  eas  are  composed  of 

Vapour  of  sulphur  .  .  100  cubic  inches. 

Oxygen  .  *  .  100  do. 

The  specific  gravity  of  sulphurous  acid  gas  is  of  course  double  that 
ofoxygen,  or  2.2222. 

It  is  inferred  from  the  compounds  of  sulphur  with  oxygen,  hydrogen, 
and  many  other  substances,  that  16  is  the  number  which  expresses  the 
combining  proportion  of  that  substance.  Hence  sulphurous  acid  is 
composed  of  16,  or  one  proportion  of  sulphur,  and  16,  or  two  propor- 
tions of  oxygen.    Its  atomic  weight  is,  therefore,  32. 

Though  sulphurous  acid  cannot  be  made  to  burn  by  the  approach  of 
flame,  it  has  a  very  strong  attraction  for  osygen,  uniting  with  it  under 
favourable  circumstances,  and  forming  sulphuric  acid.  The  presence 
of  moisture  is  essential  to  this  change.  A  mixture  of  sulphurous  acid 
and  oxygen  gases,  if  quite  dry,  may  be  preserved  over  mercu- 
ry for  any  length  of  time  without  acting  on  each  other.  But  if 
a  Httle  water  be  admitted,  the  sulphurous  acid  gradually  unites 
with  oxygen,  and  disappears  entirely.  For  this  reason,  a  solu- 
tion of  sulphurous  acid  in  water  cannot  be  kept  unless  the  atmos- 
pheric air  is  carefully  excluded.  Many-  of  the  chemical  properties 
of  sulphurous  acid  are  owing  to  its  affinity  for  oxygen.  On  being 
added  to  a  solution  of  the  peroxide  of  iron,  it  takes  oxygen,  and  thus 
converts  the  peroxide  into  the  protoxide  of  that  metal.  The  solu- 
tions of  metals  which  have  a  weak  affinity  for  oxygen,  such  as  gold, 
platinum,  and  mercury,  are  completely  decomposed  by  it,  those  sub- 
stances being  precipitated  in  the  metallic  form.  Citric  acid  converts 
it  instantly  into  sulphuric  acid,  by  yielding  some  of  its  oxygen.  The 
peroxide  of  manganese  causes  a  similar  change,  and  is  itself  convert- 
ed into  the  protoxide  of  manganese,  which  unites  with  the  sulphuric 
acid. 

Sulphurous  acid  gas  may  be  passed  through  red-hot  tubes  without 
decomposition.    Several  substances  which  have  a  strong  affinity  for 
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oxygen,  such  as  hydrogen,  carbon,  and  potaBsium,  decompose  it  at 
the  temperature  of  ignition. 

Of  all  the  gases,  sulphurous  acid  is  most  readily  liquefied  by  com- 
'  |)res8lon.  According  to  Mr  Faraday,  it  is  condensed  by  a  force  equal 
to  the  pressure  of  two  atmospheres.  M.  Bussy  (Annals  of  Phil.  viii. 
307,  N.S.)  has  obtained  it  in  a  liquid  form  under  the  usual  atmospher- 
ic pressure,  by  passing  it  through  tubes  surrounded  by  a  freezing  mix- 
ture of  snow  and  salt.  The  anhydrous  liquid  acid  has  a  density  of 
1.45.  It  boils  at  14°  F.  From  the  rapidity  of  its  e?aporation  at  com- 
mon temperatures,  it  may  be  used  adyantageously  for  producing  an  in- 
tense degree  of  cold.  M.  Busfiy  succeeds  in  neezing  mercury,  and 
liquefying  several  of  the  gases,  by  the  cold  produced  during  its  eva- 
poration. 

Sulphurous  acid  combines  with  metallic  oxides,  and  forms  ^alts  which 
are  called  auipkites, 

SulphurifC  Add. 

Sulphuric  acid,  or  oH  of  vitriol  as  it  Is  oftdn  called,  was  discovered 
by  Basil  Valentine  towards  the  dose  of  the  15th  century.  It  is  pro- 
cured for  the  purposes  of  commerce  by  two  methods.  The  first  is  the 
process  which  has  been  pursued  many  years  in  the  manufactory  at 
Nordhausen  in  Germany,  and  consists  in  decODp>6Bing  the  sulphate  of 
the  protoxide  of  iron  (gr^n  Vitriol )  by  heat.  TS^crystallized  protosul- 
phate  of  iron  contains  sevei^  proportionals  of  w^t  of  crystallization  ; 
and  when  strongly  dried  by  the  fire,  it  crumbles  down  into  a  white 
powder,  which,  accotding  to  Dt  Thomson,  contains  one  proportional 
of  water.  On  exposing  this  dried  protosulphate  of  iron  to  a  red  heat, 
the  whole  of  the  sulphuric  acid  is  expelled,  the  greater  part  of  it  pass- 
ing over  unchanged  fbto  t!he  receiver,  in  combination  with  the  water 
of  the  salt.  One  proportion  of  the  acid  is  resolved  by  the  strong  heat 
employed  in  the  distillation  into  sulphurous  acid  and  oxygen.  The 
former  escapes  as  gas  throughout  the  whole  process ;  the  latter  only 
in  the  middle  and  latter  stages,  being  retained,  in  the  beginning  of  the 
distillation,  by  the  protoxide  of  iron.  The  peroxide  of  iron  is  the  sole 
residue. 

The  acid,  as  procured  by  this  process,  is  a  dense,  oily  liquid  of  a 
brownish  tint.  It  emits  copious  white  vapours  on  exposure  to  the 
air,  and  is  hence  called /timino^  sulphurie  acid.  Its  specific  gravity 
is  stated  at  1.896  and  1.90. 

From  the  analysis  of  Dr  Thomson,  it  is  composed  of. 

Anhydrous  sulphuric  acid         .  80      .        tWo  proportions. 

Water  .  9      .        one  proportion. 

On  putting  this  acid  into  a  glass  retort,  to  which  a  receiver  surround- 
ed by  snow  is  securely  adapted,  and  applying  a  very  gentle  heat  to  it, 
a  transparent  colourless  vapour  passes  over,  vi^hich  condenses  into  a 
white  crystalline  solid.  This  substance  is  shown  by  the  experiments 
of  Thomson,  Ure,  and  Bussy,  to  be  pure  anhydrous  sulphuric  acid. 
It  is  tough  and  elastic,  liq\iefies  at  66°  F.  and  boils  at  a  temperature 
between  104°  and  122°,  forming,  if  no  moi^ure  is  present,  a  transpa- 
rent vapour.  Exposed  to  the  air,  it  unites  with  watery  vapour,  and 
flies  off  in  the  form  of  dense  white  fumes.  The  residue  of  the  distil- 
lation is  no  longer  fuming,  and  is  in  every  respect  similar  to  the  com- 
mon acid  of  commerce* 

The  second  process  for  forming  sulphuric  acid,  which  is  practised  in 
Britain  and  in  most  parts  of  the  Continent,  is  by  burning  sulphur  pre- 
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▼ioQsly  mixed  with  one-eighth  of  its  weight  of  nitrate  of  potaesa.  The 
mixture  is  burned  in  a  furnace  so  contrived  that  the  current  of  air 
which  supports  the  combustion,  conducts  the  gaseous  products  into  a 
large  leaden  chamber,  the  bottom  of  which  is  covered  to  the  depth  of 
several  inches  with  water.  The  nitric  acid  yields  oxygen  to  a  portion 
of  sulphur/ and  converts  it  into  sulphuric  acid,  which  combines  with 
the  potassa  of  the  nitre ;  while  the  greater  part  of  the  sulphur  forms 
sulphurous  acid  by  uniting  with  the  oxygen  of  the  air.  The  nitrie 
acid,  in  losing  oxygen,  is  converted  into  the  deutoxide  of  nitrogen, 
which,  by  mixing  with  air  at  the  moment  of  its  separation,  gives  rise 
to  the  red  nitrous  acid  vapours.  The  gaseous  substances  present  in 
the  leaden  chamber,  are,  therefore,  sulphurous  and  nitrous  acids,  at- 
mospheric air,  and  watery  vapour.  The  explanation  of  the  mode  in 
which  thes^  substances  react  on  one  another,  so  as  to  form  sulphuric 
acid,  was  suggested  by  Clement  and  Desormes,  (An.  de  Ch.  vol.  Uz.) 
and  the  subject  has  been  put  in  a  still  clearer  light  by  Sir  H.  Davy. 
(Elements,  p.  276.)  On  mixing  together  dry  sulphurous  acid  gas  and 
nitrous  acid  vapour  in  a  glass  vessel  quite  free  from  moisture,  no 
change  ensues ;  but  if  a  drop  of  water  be  a4ded,  so  as  to  fill  the  space 
with  vapour,  a  white  crystalline  solid  is  formed,  which  is  composed  of 
water  and  the  two  acids.  When  these  crystals  come  Into  contact  with 
water,  the  sulphurous  acid  takes  oxygen  from  the  nitrous  acid,  the 
deutoxide  of  ntlrogen  escapes  with  effervescence,  and  the  sulphuric 
acid  is  dissolved  by  the  water. 

A  similar  change  takes  place  within  the  leaden  chamber.  The  crys- 
talline solid  is  decomposed  by  the  water  at  the  bottom  of  the  chamber, 
by  which  sulphuric  acid  is  generated,  and  the  deutoxide  of  nitrogen 
set  free.  That  gas,  in  mixing  with  atmospheric  air,  is  again  conrverted 
into  nitrous  acid^  and  thus  gives  rise  to  the  formation  of  a  second  por- 
tion of  the  crystalline  solid,  which  is  resolved,  like  the  preceding,  into 
sulphuric  acid  and  the  deutoxide  of  nitrogen.  These  successive  com- 
binations and  decompositions  continue  till  the  water  is  sufficiently 
charged  with  sulphuric  acid,  when  it  is  drawn  off  and  concentrated  by 
evaporation. 

It  hence  appears  that  the  oxygen  by  which  the  sulphurous  is  con- 
verted into  sulphuric  acid,  is  in  reality  supplied  by  the  air;  and  that 
the  combination  is  effected,  not  directly,  but  through  the  medium  of 
the  nitrous  acid.    The  decomposition  of  the  crystalline  solid  by  water  ^ 
eeems  owing  to  the  affinity  of  the  water  for  sulphuric  acid. 

Sulphuric  acid,  as  thus,  prepared,  is  never  quite  pure.  It  contains 
some  sulphate  of  potassa  and  of  lead,  the  former  derived  from  the  nitre 
employed  in  making  it,  the  latter  frorii  the  leaden  chamber.  To  sepa- 
rate these  impurities,  the  acid  should  be  distilled  from  a  glass  or  plati- 
num retort.  The  former  may  be  used  with  safety  by  putting  some 
fragments  of  platinum  leaf  into  it,  which  causes  the  acid  to  boil  freely 
on  the  application  of  heat  without  danger  of  breaking  the  vessel. 

Pure  sulphuric  acid,  as  obtained  by  the  second  process,  is  a  dense, 
colourless,  oily  fluid,- which  boils  at  ^20°  F,  and  has  a  specific  gravity, 
in  its  most  concentrated  form,  of  1.847  or  a  little  higher,  never  exceed- 
ing 1.850.  It  is  one  of  the  strongest  acids  with  which  chemists  are 
acquainted.  When  undiluted  it  is  powerfully  corrosive.  It  decom- 
poses all  animal  and  vegetable  substances  by  the  aid  of  heat,  causing 
deposition  of  charcoal  and  formation  of  water.  It  has  a  strong  sour 
taste,  and  reddens  litmus  paper,  even  though  greatly  diluted.  It 
unites  with  alkaline  substance^,  and  separates  all  other  acids  more  or 
less  completely  from  their  combinations  with  the  alkalies. 

Sulphuric  acid  has.  a  very  great  affinity  for  water,  and  unites  with  It 
Q 


182  Sulphur. 

.'in  eyery  proportioo.  The  combination  takes  place  with  the  produ(*> 
tion  of  intense  heat.  When  four  parts  by  weight  of  the  acid  are  add-' 
denly  mixed  with  one  of  water,  the  temperature  of  the  mixture  rises, 
according  to  Dr  Ure,  to  300°  F.  By  its  attraction  for  water  it  causes  the 
sudden  liquefaction  of  snow ;  and  if  mixed  with  it  in  due  proportioo, 
(p.  53,)  an  intense  degree  of  cold  is  generated.  It  absorbs  watery 
vapour  with  avidity  from  the  air,  and  on  this  account  is  employed  in 
the  process  for  freezing  water  by  its  own  evaporation.  The  operation 
of  sulphuric  acid  in  destroying  the  texture  of  the  skin,  in  forming 
ethers,  and  in  decomposing  animal  and  vegetable  substances  in  gene* 
ral,  seems  dependent  on  its  affinity  for  water. 

The  sulphuric  acid  of  commerce  freezes  at  — 15*  F.  Diluted  with 
water  so  as  to  have  a  specific  gravity  of  1.78,  it  congeals  even  above 
82°,  and  remains  in  the  solid  state,  according  to  Mr  Keir,  till  the  tern* 
perature  rises  to  45°.  When  mixed  with  rather  more  than  its  weight 
of  water,  its  freezing  point  is  lowered  to  — 36°  F. 

When  sulphuric  acid  is  passed  through  a  small  porcelain  tube  heat- 
ed to  redness,  it  is  entirely  decomposed  ;  and  Gay-Lussac  found  that 
it  is  resolved  into  two  measures  of  sulphurous  acid  and  one  of  oxygen. 
Hence  it  follows  that  real  sulphuric  acid  is  composed  of 

By  Weight  '  By  Volume. 

Sulphur    .    16    one  p.  Vapour  of  sulphur      100 

Oxygen    .    24    three  p.  Oxygen  gas         .      150 

and  its  atomic  weight  is  40.  Berzelius  ascertained  its  composition  by 
converting  a  known  weight  of  sulphur  into  sulphuric  acid ;  and  his  re- 
sult confirms  the  conclusion  of  Gay-Lussac. 

'  Chemists  possess  an  unerring  test  of  the  presence  of  sulphuric  acid. 
If  a  solution  of  muriate  of  baryta  is  added  to  a  liquid  containing  sul- 
phuric acid,  it  causes  a  white  precipitate,  the  sulphate  of  baryta,  which 
is  characterized  by  its  insolubility  in  acids  and  alkalies. 

Sulphuric  acid  does  not  occur  free  in  nature,  except  occasionally  in 
the  neighbourhood  of  volcanoes.  In  combination,  particularly  with 
lime  and  baryta,  it  is  very  abundant. 

Hypostdphurous  add. — ^This  acid  may  be  formed  either  by  digest^* 
ing  sulphur  in  a  solution  of  any  sulphite;  or  by  passing  a  current  of  sul** 
phurous  acid  into  a  solution  of  the  hydrosulphoret  of  lime  or  stron- 
tia.  In  the  first  case,  the  sulphurous  acid  takes  up  an  additional  quan- 
tity of  sulphur,  and  a  salt  of  hyposulphurous  acid  is  obtained  ;  and  in 
.  the  second,  the  sulphurous  acid  is  deprived  of  one-half  of  its  oxygen  by 
the  hydrogen  of  the  sulphuretted  hydrogen,  while  the  other  half  of  the 
oxygen  unites  both  with  the  sulphur  of  the  sulphurous  acid  and  of 
the  sulphuretted  hydrogen,  to  form  hyposulphurous  acid.  If  the  hy- 
drosulphuret  of  lime  employed  contains  bisulphuretted  hydrogen,  as 
is  the  case  when  lime  and  sulphur  are  boiled  together,  the  action  of 
sulphurous  acid  is  accompanied  by  precipitation  of  sulphur.  Mr  Her- 
schel  states  that  hyposulphurous  acid  may  be  formed  by  the  action  of 
sulphurous  acid  on  iron  filings ;  but  the  nature  of  the  change  is  not 
well  understood. 

The  salts  of  hyposulphurous  acid  were  first  described  by  Gay-Lus- 
sac in  the  85lh  volume  of  the  Annates  de  Chimie,  under  the  name  at 
Sulphuretted  Sulphites,  Dr  Thomson  in  his  System  of  Chemistry 
suggested  that  the  acid  of  these  salts  might  be  regarded  as  a  compound 
of  one  equivalent  of  sulphur  and  one  of  oxygen,  and  proposed  for  it 
the  name  of  hyposulphurous  acid.  The  subsequent  researches  of  Mr 
Herschel  (Edinburgh  Philos.  Journal,  i.  8  and  396)  seemed  to  give  such 
'irect  analytic  proof  of  the  correctness  of  this  opinion,  that  it  was 
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univeraally  adopted ;  but  it  appears  from  a  very  recent  essay  by  Dr 
ThomsoD,  that  this  view  of  its  composition  is  nevertheless  erroneous, 
Bnd  that  the  acid  consists  of  32  parts  or  two  equivalents  of  sulphur, 
and  8  parts  or  one  equivalent  of  oxygen.  Its  combtninfc  proportion 
is,  therefore,  40.  (On  the  Compounds  of  Chromium,  Philos.  Trans, 
for  1S27.) 

Hyposiilphurous  acid  cannot  exist  permanently  in  a  free  state.  On 
decomposing  a  hyposulphite  by  any  stronger  acid,  such  as  the  sulphu- 
ric or  muriatic,  the  hyposulphurous  acid,  at  the  moment  of  quitting  the 
base,  resolves  itself  into  sulphurous  acid  and  sulphur.  Mr  Herschel 
succeeded  in  obtaining  free  hyposulphurous  acid,  by  adding  a  sHght 
excess  of  sulphuric  acid  to  a  dilute  solution  of  the  hyposulphite  of 
fltrontia ;  but  its  decomposition  very  soon  took  place,  even  at  common 
temperatures,  and  was  instantly  effected  by  heat.  Most  of  the  hypo- 
sulphites are  soluble  in  water,  and  have  a  bitter  taste.  The  solution 
precipitates  the  nitrate  of  silver  and  mercury  black,  as  the  sulphuret  of 
the  metals ;  and  salts  of  lead  and  baryta  are  thrown  down  as  white  in- 
soluble hyposulphites  of  those  bases.  That  of  baryta  is  soluble  with- 
out decomposition  in  water  acidulated  with  muriatic  acid.  The  solution 
of  all  the  neutral  hyposulphites  has  the  peculiar  property  of  dissolving 
recently  precipitated  chloride  of  silver  in  large  quantity,  and  forming 
with  it  a  liquid  of  an  exceedingly  sweet  taste. 

Dr  Thomson,  in  the  essay  above  quoted,  mentions  that  an  acid  ex- 
ists composed  of  one  equivalent  of  sulphur  and  one  of  oxygen;  but 
he  has  given  no  description  of  it. 

Hypo$ulphuric  ^eid. — The  hyposulphuric  acid  was  discovered  in 
1819  by  Welter  and  Gay-Lussac,  who  published  their  description  of  it 
in  the  10th  vol.  of  the  ^nn,  de  Ch.  et  de  Physique.  It  is  formed  by 
passing  a  current  of  sulphurous  acid  gas  through  water  containing  per- 
oxide of  manganese  in  fine  powder.  The  manganese  yields  oxygen 
to  the  sulphurous  acid,  converting  one  part  of  it  into  sulphuric,  and 
another  part  into  the  hyposulphuric  acid,  both  of  which  unite  with  the 
protoxide  of  manganese.  To  the  liquid,  after  filtration,  a  solution  of 
pure  baryta  is  added  in  slight  excess,  which  precipitates  the  protoxide 
of  manganese,  and  forms  an  insoluble  sulphate  of  baryta  with  the 
sulphuric,  and  a  soluble  hyposulphate  with  the  hyposulphuric  acid. 
The  hyposulphate  of  baryta  is  then  decomposed  by  a  quantity  of 
sulphuric  acid  exactly  sufficient  for  precipitating  the  baryta,  and  the 
hyposulphuric  acid  is  left  in  solution. 

This  compound  reddens  litmus  paper,  has  a  sour  taste,  and  forms 
neutral  salts  with  the  alkalies.  It  has  no  odour,  by  which  circumstance 
it  is  distinguished  from  sulphurous  acid.  It  cannot  be  confounded 
with  the  sulphuric  acid ;  for  it  forms  soluble  salts  with  baryta,  strontia, 
lime,  and  the  oxide  of  lead,  whereas  the  compounds  which  sulphuric 
acid  forms  with  those  bases  are  all  insoluble.  The  hyposulphuric  acid 
cannot  be  obtained  free  from  water.  Its  solution,  if  confined  with  a 
vessel  of  sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump, 
may  be  concentrated  till  it  has  a  density  of  1.347;  but  if  an  attempt  is 
made  to  condense  it  still  further,  the  acid  is  decomposed,  sulphurous 
acid  gas  escapes,  and  sulphuric  acid  remains  in  solution.  A  similar 
change  is  still  more  readily  produced,  if  the  evaporation  is  conducted 
by  heat. 

Welter  and  Gay-Lussac  analyzed  the  hyposulphuric  acid  by  apply- 
ing heat  to  the  neutral  hyposulphate  of  baryta.  At  a  temperature  a 
little  above  212°  F.  this  salt  suffers  complete  decomposition ;  sulphu- 
rous acid  gas  is  diseno^aged,  and  a  neutral  sulphate  of  baryta  is  obtain- 
ed*   They  ascertamed  iq  this  yrtft  that  seventy- two  grains  of  hypo* 
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•ttlphurie  acid  yield  thirty-two  f^raiiis  of  sulphoroiu,  and  fbrty  ot  tal* 
phuric  acid ;  from  which  it  is  inferred  that  the  hypoeulphuric  acid  is 
composed  either  of  an  equivalent  of  each  of  those  acids,  combined 
directly  with  one  another,  or  of  two  equiralents  of  sulphur,  and  five 
of  oxygen.  Regarded  as  a  definite  compound  of  sulphur  and  oxygen» 
its  composition  is. 

Sulphur  .        82        two  proportionals. 

Oxygen        •        .        40        five  proportionals. 

72 

Its  combining  proportion,  whichever  opinion  is  adopted,  is  72. 


SECTION  VIII. 


PHOSPHORUS. 

'Phosphorus  was  discovered  about  the  year  1669  by  Brandt,  an  af- 
chemist  of  Hamburgh.  It  was  originally  prepared  from  urine ;  but 
Scheele'  afterwards  described  a  method  of  obtaining  it  from  bones. 
The  object  of  both  processes  is  to  bring  phosphoric  acid  in  contact 
with  charcoal  at  a  strong  red  heat.  The  charcoal  takes  oxyeen  from 
the  phosphoric  acid ;  carbonic  acid  is  disengaged,  and  phosphorus  set 
free.  When  urine  is  employed,  the  phospnoric  acid  contained  in  it 
should  be  separated  by  a  solution  of  the  acetate  of  lead.  The  phos- 
phate of  lead  subsides,  which,  if  heated  to  redness  with  one-fourth  of 
its  weight  of  powdered  charcoal,  yields  phosphorus  readily.  If  bones 
are  to  oe  used,  they  should  first  be  ignited  in  an  open  fire  till  they  be- 
come quite  white,  so  as  to  destroy  all  the  animal  matter  they  contain, 
and  oxidize  the  carbon  proceeding  from  its  decomposition.  The 
calcined  bones,  of  which  phosphate  of  lime  constitutes  nearly  four- 
fifths,  should  be  reduced  to  fine  powder,  and  digested  for  a  day  or 
two  with  half  their  weight  of  concentrated  sulphuric  acid,  so  much 
water  being  added  to  the  mixture  as  to  give  it  the  consistence  of  thin 
paste.  The  phosphate  of  lime  is  decomposed  by  the  sulphuric  acid» 
and  two  new  salts  are  generated, — the  sparingly  soluble  neutral  sul- 
f>hate,  and  a  soluble  super-phosphate  of  lime.  On  the  addition  of 
boiling  water  the  super-phosphate  is  dissolved,  and  may  be  separated 
by  filtration  from  the  sulphate  of  lime.  The  solution  is  then  evaporat- 
ed to  the  thickness  of  syrup,  mixed  with  one-fourth  of  its  weight  of 
charcoal  in  powder,  and  heated  in  an  earthen  retort  well  luted  with 
clay.  The  beak  of  the  retort  is  put  into  water,  in  which  the  phos- 
phorus, as  it  passes  over  in  the  form  of  vapour,  is  collected.  When 
first  obtained,  it  is  frequently  of  a  reddish-brown  colour,  owing  to  the 
presence  of  phosphuret  of  carbon,  which  is  generally  formed  during 
the  process.  It  may  be  purified  by  being  put  into  hot  water,  and  pres- 
sed while  liquid  through  chamois  leather ;  or  the  purification  may  be 
rendered  still  more  complete  by  a  second  distillation. 

Pure  phosphorus  is  transparent  and  almost  colourless.  It  is  so  soft 
that  it  may  be  cut  with  a  knife,  and  the  cut  surface  has  a  waxy  lustre. 
At  the  temperature  of  lOS"  F.  it  fuses,  and  at  SSO^  is  converted  into 
vapQur.  It  is  soluble  by  the  aid  of  beat  in  naphtha,  in  fixed  and 
volatile  oils,  and  in  the  chloride,  carburet,  and  phosphuret  of  sulphur. 
On. cooling  from  its  solution  in  the  latter.  Professor  Mitscherlieh  ob- 
tained it  in  regular  dodecahedral  crystals.    By  the  fusion  and  slow 
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cooling  of  a  large  quantity  of  phosphorus,  M.  Fraotvreen  has  obtained 
very  fine  crystals  of  an  octahedral  form,  and  as  large  as  a  cherry- 
Btone. 

Phosphorus  is  exceedingly  inflammable.  Exposed  to  the  air  at  com« 
mon  temperatuies,  it  undergoes  a  slow  combustion ;  emits  a  white 
vapour  of  a  peculiar  alliaceous  odour,  appears  distinctly  luminous  in 
the  dark,  and  is  gradually  consumed.  On  this  account,  phosphorus 
should  always  be  kept  under  water.  The  disappearance  of  oxygen 
which  accompanies  these  changes  is  shown  by  putting  a  stick  of  phos- 
phorus in  a  jar  full  of  air,  inverted  over  water.  The  volume  of  the 
gas  gradually  diminishes,  and  if  the  temperature  of  the  air  is  at  60,  F. 
the  whole  of  the  oxygen  will  be  withdrawn  in  the  course  of  12  or  24 
hours.  The  residue  is  nitrogen  gas,  containing  about  l-4<fth  of  its 
bulk  of  the  vapour  of  phosphorus.  It  is  remarkable  that  the  slow 
combustion  of  phosphorus  does  not  take  place  in  pure  oxygen,  unless 
its  temperature  be  about  80°.  But  if  tiie  oxygen  is  diluted  with  ni* 
trqgen,  hydrogen,  or  carbonic  acid  gas,  the  oxidation  occurs  at  60° ; 
and  it  takes  place  at  temperatures  still  lower  in  a  vessel  of  pure  oxy- 
gen, rarefied  by  diminished  pressure*.    I  have  been  favoured  with  the 

*  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdered 
resin  or  sulphur,  and  then  introduced  under  the  receiver  of  an  air- 
pump,  it  will  be  found  that,  as  soon  as  the  exhaustion  commences, 
the  phosphorus  will  become  luminous,  which  appearance  increases  as 
the  rarefaction  proceeds,  until  finally  the  phosphorus  inflames.  Van 
Bemroelen,  who  first  attempted  to  account  for  this  phenomenon,  attri- 
butes it  to  the  combination  of  the  sulphur  or  resin  with  the  phosphorus, 
the  union  of*which,  accelerated  by  the  influence  of  tlie  vacuum,  gives 
rise  to  the  evolution  of  so  much  heat,  as  to  inflame  the  phosphorus,  or 
'  the  newcompound  formed.  Berzelius  rejects  this  explanation,  as  it  does 
not  account  for  an  experiment  by  Van  Bemmelen,  in  which  phosphorus 
was  found  to  take  fire  under  an  exhausted  receiver,  when  merely  en- 
veloped with  cotton.    Berzelius,  Traite  de  Chimie,  i.  260. 

Professor  A.  D.  Bache,  of  the  University  of  Pennsylvania,  has  re- 
peated and  extended  the  experiments  of  Van  Bemmelen,  and  has  had 
the  goodness  to  communicate  to  me  an  abstract  of  his  results,  which 
are  as  follows  i— . 

Professor  Bache  succeeded  in  producing  the  inflammation  of  the 
phosphorus,  under  the  circumstances  above  mentioned,  by  means  of 
the  following  substances  in  a  finely  divided  state,  in  addition  to  those 
employed  by  Van  Bemmelen : — 

Carbon,  in  the  form  of  ivory  black      Lime, 
and  wood-charcoal.  Peroxide  of  manganese. 

Spongy  platinum.  Hydrate  of  potassa. 

Antimony.  Muriate  of  ammonia. 

Arsenic.  Chloride  of  Sodium. 

Bisulphuret  of  mercury.  Fluate  of  lime. 

Sulphuret  of  antimony.  Carbonate  of  lime. 

Silica. 
Sulphur  and  charcoal  were  the  substances  which  succeeded  most 
readily.    With  metallic  arsenic  there  was  much  difficulty.    The  tem- 
perature of  the  room  has.  geeat  influence  on  the  success  of  the  experi- 
ments. 

Professor  Biache  is  of  opinion  that  some  of  bis  experiments  ar« 
unfavourable  to  the  explanation  of  Van  Bemmelen  ;  as  for  example* 
those  with  carbonate  of  lime  and  fluor  spar,  which,  though  Incom- 
bustible substances,  act  with  the  lame  energy  as  sulphur  or  carbon.  B. 

Qa 
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following  carious  facts  by  Mr  Graham,  who  Is  at  present  occupied 
with  the  investigation  of  this  subject.  He  finds  that  the  presence  of 
certain  gaseous  substances,  even  in  minute  quantity,  have  a  re- 
marlcable  effect  in  preventing  the  slow  combustioti  of  phosphorus. 
Thus  at  66*  F.  it  is  entirely  prevented  by  the  presence  of 

Volumes  of  air, 
1  volume  of  olefiant  gas  in  450 

1    ditto    of  vapour  of  sulphuric  ether  in  150 

1    ditto    of  vapour  of  naphtha  in  1820 

I    ditto    of  vapour  of  oil  of  turpentine  in  4444 

andiiy  an  equally  slight  impregnation  of  the  vapour  of  the  other  es- 
^ntial  oils.    Their  influence  is  not  confined  to  low  temperatures. 
Phosphorus  becomes  faintly  luminous  in  the  dark,  in  mixtures  of 
1  volume  of  air  and  1  volume  of  oleiant  gas  at  200^  F* 

1        •        .       and  1    ditto  of  vapour  of  ether  at  216° 

11^       •        .       and  1    ditto  of  vapouf  of  naphtha  at  ITO"* 

1^^       •        .       and  1     ditto  of  vapour  of  turpentine  at      186° 

Phosphorus  may  be  sublimed  at  its  boiling  temperature  in  air  con- 
taming  a  cojmdeittbU  pfoportion  of.  the  vapour  of  oil  of  turpentine, 
without  diminishing  the  quantity  of  oxygen  present,  provided  the  beat 
is  gradually  and  uniformly  applied.  Mr  Graham  has  also  remarked* 
that  the  oxidation  of  phosphorus  in  air  is  promoted  by  the  presence  of 
muriatic  acid  gas. 
•  A  very  slight  degree  of  beat  is  sufficient  to  inflame  phosphorus  io 
the  open  air.  Gentle  pressure  between  the  fingers,  friction,  or  a  tem- 
perature not  much  above  its  point  of  fusion,  kindles  it  readily.  It 
burns  rapidly  even  in  the  air,  emitting  a  splendid  while  light,  and 
causing  Intense  heat.  Its  combustion  is  far  more  rapid  in  oxygen  gas» 
and  the  light  proportionably  mpre  vivid.  ^ 

Compounds  of  Phosphorus  and   Oxygen Phos- 
phoric Acid, 

Of  the  compounds  of  pbosphbras  and  oxygen,  phosphoric  aeid  is 
by  far  the  most  interesting  and  important.  This  acid  may  be  obtained 
in  a  state  of  perfect  purity  by  burning  phosphorus  in  air  or  oxygen 
gas.  Copious  white  vapours  are  produced,  which  fall  to  the  bottom 
of  the  vessel  like  flakes  of  snow.  In  this  state  it  is  the  solid  anhy- 
drous phosphoric  acid.  From  its  powerful  affinity  to  water,  it  attracts 
watery  vapour  rapidly  from  the  atmosphere,  and  in  the  course  of  two 
or  three  minutes  appears  in  the  form  of  minute  drops  of  liquids  which 
is  a  solution  of  phosphoric  acid  in  water. 

Phosphoric  acid  may  be  conveniently  formed  by' the  action  of  nitric 
acid  on  phosphorus.  The  phosphorus  takes  oxygen  from  the  nitric 
acid,  and  a  large  quantity  of  deutoxide  of  nitrogen  is  disengaged ;  but 
as  the  reaction  is  apt  to  be  very  violent,  the  process  ought  to  be  con- 
ducted with  caution.  It  is  best  done  by  adding  fragments  of  phospho- 
rus to  concentrated  nitric  acid  contained  in  a  platinum  capsule.  Gen- 
tle heat  is  applied  so  as  to  commence,  and,  when  necessary,  to 
mamtain  moderate  eflervescence ;  and  when  one  portion  of  phos- 
phorus disappears,  another  is  added,  till  the  whole  of  the  nitric  add  is 
exhausted.  The  solution  is  then  evaporated  to  dryness,  and  exposed 
to  a  red  heat  to  expel  the  last  traces  of  nitrie  acid.  The  hist  part  of 
this  process  must  be  pefformed  in  vessels  of  platinum,  since  phospho- 
ric acid  acts  chemically  upon  those  of  glass  or  poreelain,  and  is  there- 
by rendered  impure. 
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Phosphoric  acid  may  be  prepared  at  a  much  cheaper  rate  from 
bones.  For  this  parpose,  the  super-phosphate  of  lime,  obtained  in 
the  way  already  described,  should  be  boiled  for  a  few  minutes  with 
excess  of  the  carbonate  of  ammonia.  The  lime  is  thus  precipitated 
as  a  carbonate*,  and  the  solution  contains  phosphate,  together  with  a 
little  sulphate,  of  ammonia.  The  liquid,  after  nitration,  Is  evaporated 
to  dryness,  and  then  ignited  in  a  platinum  crucible,  by  which  the 
ammonia  and  sulphuric  acid  are  expelled. 

Solid  phosphoric  acid  unites  with  water  in  every  proportion,  and 
forms,  if  concentrated,  a  dense  oily  liquid.  On  heating  the  solution 
in  a  platinum  vessel,  the  greater  part  of  the  water  is  driven  off;  the 
residue  fuses  at  a  low  red  heat,  and  concretes  on  cooling  into  a  brittle 
glass,  called  glacial  phosphoric  acid.  This  substance  is  a  hydrate  of 
phosphoric  acid,  which  cannot  be  decomposed  by  the  fire ;  for  on  ex« 
posing  it  to  a  strong  red  heat,  with  the  view  of  expelling  the  water, 
the  compound  itself  is  volatilized,  and  in  open  vessels  sublimes  with 
considerable  rapidity.  Ft  is*  erroneously  said  to  be  fixed  at  intense 
degrees  of  heat,  this  character  applying  to  the  acid  only  in  its  impure 
state,  as  when  combined  with  earthy  or  alkaline  substances.  The 
composition  of  the  glacial  phosphoric  acid  is  not  yet  established ;  for 
while  M.  Dulong  reports  it  to  contain  17.08  per  cent  of  water,  M. 
Bose  found  only  9.44  per  cent.  (Poggendorff's  Annalen,  VIII.  201.) 
The  analysis  of  Rose,  though  not  rigidly  exact,  is  I  suspect  not  far 
from  the  truth.  The  acid  after  being  fused  in  glass  vessels  is  anhy- 
drous. 

Pliosphorie  acid  is  intensely  sour  to  the  taste,  reddens  litmus  paper 
strongly,  and  neutralizes  alkalies,  ft  is,  therefore,  a  powerful  acid ; 
but  it  does  not  destroy  the  texture  of  the  skin  like  sulphuric  and  nitric 
acids.  It  may' be  distinguished  from  all  other  acids  by  the  following 
circumstances : — that  when  carefully  neutralized  by  pure  carbonate  of 
Boda  or  potassa,  it  forms  a  solution  in  which  no  precipitate  or  change 
of  colour  is  produced  when  a  stream  of  sulphuretted  hydrogen  gas  is 
passed  through  it ;  but  which  is  precipitated  white  by  a  solution  of 
the  acetate  of  lead,  and  yellow  by  the  nitrate  of  silver.  The  first 
precipitate,  the  phospliate  of  lead,  dissolves  completely  on  the  addi- 
tion of  nitric  or  phosphoric  acid  ;  the  second,  the  phosphate  of  silver, 
is  dissolved  by  both  these  acids,  and  also  by  ammonia. 

The  composition  of  phosphoric  acid  has  been  investigated  by  Sir 
H.  Davy,  Dr  Thomson,  Berzelius,  and  M.  Dulong.  The  subject  is 
one  of  much  difficulty,  and  the  results  of  the  two  former  chemists 
differ  widely  from  those  of  the  two  latter.  Dr  Thomson  infersf  from 
experiments  made  by  Sir  H.  Davy  and  himself,  (and  his  estimate  is 
generally  adopted  in  this  country),  that  28  is  the  combining  proportion 
of  phosphoric  acid,  and  that  it  consists  of  12  parts,  or  what  he  consid- 
ers one  equivalent  of  phosphorus,  and  16  parts  or  two  equivalents  of 
oxygen.  A  variety  of  circumstances,  however,  which  it  is  not  mate- 
rial to  mention  at  present,  induce  me  to  doubt  the  accuracy  of  Dr 
Thomson's  experiments  on  this  subject ;  and  I  shall  therefore  adopt 
the  results  of  Berzelius  as  preferable.  According  to  the  researches  of 
this  chemist,  as  well  as  of  M.  Dulong,  the  oxygen  contained  in  the 
phosphorous  and  phosphoric  acids  is  in  the  ratio  of  1.6  to  2.6,  or  8  to 


*  Dr.  Turner  Is  inaccurate  here.  The  ammonia  neutralizes  the  ex- 
cess of  phosphoric  acid,  the  carbonic  acid  is  evolved,  and  the  lime 
precipitates  as  a  neutral  phosphate.    B. 

t  First  Principles,  vol.  i.  p.  203. 
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5 ;  and  the  former  steles  phosphoric  acid  to  consist  of  56  parts  of  ox- 
ygen and  44  of  phosphorus.  Now,  judging  from  the  composition  of 
the  phosphates,  analyzed  by  Berzelius  and  Mitscberlich,  and  from  the 
data  just  mentioned,  we  may  regard  85.71  as  the  combining  propor- 
tion of  phosphoric  acid,  and  this  acid  itself  as  a  compound  of  15.71 
parts  or  one  proportion  of  phosphorus,  and  20  parts  or  two  equivalents 
and  a  half  of  oxygen.  Berzelius  considers  this  acid  as  a  compound  of 
two  atoms  of  phosphorus  and  five  atoms  of  oxygen,  and  therefore 
doubles  the  preceding  numbers*. 

Phosphorous  Acid. — When  phosphorus  is  heated  in  highly  rarefied 
air,  imperfect  oxidation  ensues,  and  the  phosphoric  and  phosphorous 
acids  are  both  generated,  the  latter  being  obtained  in  the  form  of  a 
white  volatile  powder.  In  this  state  it  is  anhydrous.  Heated  in  the 
open  air,  it  takes  fire,  and  forms  phosphoric  acid;  but  if  exposed  to 
heat  in  close  vessels,  it  is  resolved  into  phosphoric  acid  and  phospho- 
rus.  It  dissolves  readily  in  water,  has  a  sour  taste,  and  smells  some- 
what like  garlic.  It  unites  with  alkalies,  and  forms  salts  which  are 
termed  phosphites.  The  solution  o/ phosphorous  acid  absorbs  oxygen 
slowly  from  the  air,  and  is  converted  into  phosphoric  acid.  From  its 
tendency  to  unite  with  an  additional  quantity  of  oxygen,  it  is  a  power- 
ful deoxidizing  agent ;  and,  hence,  like  sulphurous  acid,  precipitates 
mercury,  silver,  platinum,  and  gold,  from  their  saline  combinations  in 
the  metallicform.  Nitric  abid,  of  course,  converts  it  into  phosphoric  acid. 

Phosphorous  acid  may  be  procured  more  conveniently  by  subliming 
phosphorus  through  powdered  corrosive  sublimate,  (a  compound  of 

V  *  Considering  the  uncertainty  in  which  the  composition  of  the  acids 
of  phosphorus  is  still  involved,  it  is  to  be  regretted  that  Pr  Turner  has 
thought  proper  to  adopt  the  analytic  results  of  Berzelius  and  Dulong 
respecting  these  compounds,  which  has  the  effect  of  giving  a  new 
equivalent  number  for  phosphorus,  and  a  difierent  view  of  the  number 
of  equivalents  found  in  them.  As  the  subject  cannot  yet  be  consider- 
ed as  decided,  it  would  have  been  better  to  wait  until  further  research- 
es had  finally  settled  the  question  of  their  composition,  rather  than 
hastily  reject  the  numbers,  which  have  heretofore  been  almost  uni- 
versally adopted  by  the  British  and  American  chemists.  It  deserves 
to  be  mentioned  that  the  composition  of  phosphoric  acid,  as  given  by 
Dr  Thomson,  which  coincides  n.early  with  the  analysis  of  Sir  H.  Davy, 
is  not  materially  different  from  the  results  of  Berzelius,  who  states 
it  to  be  56  parts  of  oxygen  and  44  of  phosphorus.  Now  the  pr4>portions 
of  16  parts  of  oxygen  and  12  of  phosphorus  will  give  in  the  100  parts, 
57.1  parts  of  oxygen  and  42.9  parts  of  phosphorus.  This  is  a.  virtual 
agreement  in  the  analysis  of  this  acid,  and,  therefore,  the  discrepancy 
relates  to  its  saline  equivalent.  Berzelius  finds  this  to  be  S5;71,  and 
Dr  Thomson  believes  it  to  be  28.  The  difficulty  certainly  rests  here, 
and  it  must  be  acknowledged  that  there  is  a  strong  probabiHty  that 
Berzelius's  number  is  correct ;  as  it  is  not  easy  to  see  how  he  could  be 
mistaken  in  bis  analyses  of  the  phosphates..  Still  it  appears  inexpe- 
dient to  abandon,  the  nun)bers  generally  received,  with  a  view  to 
adopt  others,  which  cannot  yet  be  considered  as  fully  established. 
The  substitution  in  this  case  is  pecqliarly  unfortunate,  as  it  admits  a 
fractional  number  to  represent  phosphorus,  and  adopts  fractional  equi- 
valents for  the  oxygen  both  of  phosphorous  and  phosphoric  acids. 
It  ought  to  be  a  strong  case  of  analytic  prqof  that  would  Justify  the 
author  in  adopting  numbers  sa  little  in  accordance  with  the  laws  of 
combination.    B. 
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ctilorine  and  mercury,)  contained  in  a  glass  tube*.  A  limpid  liqoid 
comes  over  wliicb  is  a  compound  of  cbilorine  and  phosphorus.  When 
this  substance  is  put  into  water,  a  peculiar  change  occurs.  A  portion 
of  water  is  decomposed ;  its  hydrogen  unites  with  the  chlorine,  and 
forms  muriatic  acid  ;  while  the  oxygen  attaches  itself  to  the  phospho- 
rus, by  which  phosphorous  acid  is  produced.  The  solution  is  then 
evaporated  to  the  consistence  of  syrup  to  expel  the  muriatic  acid ;  and 
the  residue,  which  is  the  hydrate  of  phosphorous  acid,  becomes  « 
crystalline  solid  on  cooling.  On  heating  this  hydrate  in  close  vessels, 
the  elements  of  the  water  and  acid  react  on  each  other,  forming 
phosphoric  acid  and  a  gaseous  compound  of  hydrogen  and  phospho- 
rus. The  nature  of  this  gas  will  be  more  particularly  noticed  in  the 
section  on  phosphuretted  hydrogen. 

Phosphorous  acid  is  also  generated  during  the  slow  oxidation  of 
phosphorus  in  atmospheric  air.  The  product' attracts  moisture  frons 
the  air,  and  forms  an  oily-like  liquid.  M.  Dulong  thinks  that  a  dis- 
tinct acid  is  generated  in  this  case,  which  he  calls  pho$phatie  acid  / 
but  the  opinion  of  Sir  H.  Davy,  that  it  is  merely  a  mixture  of  phos- 
phoric and  phosphorous  acids  is,  I  conceive,  correct. 

The  composition  of  the  phosphorous,  like  that  of  phosphoric  acid, 
is  not  yet  satisfactorily  ascertained.  Sir  H.  Davy  and  Dr  Thomson 
consider  the  oxygen  in  the  two  acids  as  1  to  2,  while  according  to 
Dulong  and  Berzelius  the  proportion  is  as  S  to  5. 

Hffpophosphorous  Acid. — This  acid  was  discovered  in  1816  by 
M.  Dulongf,  and  is  produced  by  the  action  of  water  on  the  phosphu* 
ret  of  baryta.  The  water  suffers  decomposition  ;  its  elements  unite 
with^  diflerent  portions  of  phosphorus,  by  which  three  compounds, 
phosphuretted  hydrogen,  phosphoric  acid,  and  hypophosphorous  acid, 
are  generated.  The  first  escapes  in  the  form  of  gas ;  and  the  two 
latter  combine  with  the  baryta.  The  hypophosphtte  of  baryta,  being 
soluble,  dissolves  in  the  water,  and  may  consequently  be  separated 
by  filtration  from  the  phosphate  of  baryta,  which  is  Insoluble.  On 
adding  a  sufficient  quantity  of  sulphuric  acid  for  precipitating  the  ba- 
ryta, the  hypophosphorous  acid  is  obtained  in  a  free  state.  On  evapo- 
rating the  solution,  a  viscid  liquid  remains,  highly  acid  and  even 
crystallizable,  which  is  a  hydrate  of  hypophosphorous  acid.  When 
exposed  to  heat  in  close  vessels  it  undergoes  the  same  kind  of  change 
as  hydrated  phosphorous  acid. 

The  hypophosphorous  acid  is  a  powerful  deoxidizing  agent.  It 
unites  with  alkaline  bases ;  and  it  is  remarkable  that  all  its  salts  are 
soluble  in  water.  The  hypophosphites  of  potassa,  soda,  and  ammo- 
nia, dissolve  in  every  proportion  in  rectified  alcohol ;  and  the  hypo- 
phosphite  of  potassa  is  even  more  deliquescent  than  chloride  of  cal- 
cium. -They  are  all  decomposed  by  heat,  and  yield  the  same  products 
as  the  acid  itself. 

M.  Dulong  determined  the  proportion  of  its  elements  by  converting 
it  into  phosphoric  acid  by  means  of  chlorine.  He  infers  from  his 
analysis  that  it  contains  27.25  per  cent  of  oxygen.  According  to  Sir 
H.  Davy,  it  has  exactly  one  half  less  oxygen  than  the  phosphorous 
acid ;  but  as  the  composition  of  this  acid  is  not  known  with  certainty, 
no  inference  can  be  safely  deduced  from  the  statement.  Professor 
Heniy  Rose  states  that  it  contains  20.91  per  cent  of  oxygen,  so  that 
its  elements  are  in  the  ratio  of  31.42  parts  or  two  proportionals  of 


*  Davy*s  Elements,  p.  288. 
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phosphorus,  and  8  parts  or  one  proportional  of  oxygen.  (Pocgen- 
dorflTs  Annalen,  IX.  367).  From  this  discordance  it  may  be  inferred 
that  the  chemical  constitution  of  the  hypophosphorous  acid,  lilce  that 
of  the  other  acids  of  phosphorus,  is  at  present  involved  in  much  ob« 
scurity. 

Oxides  of  Phosphorus. — Chemists  have  not  yet  succeeded  in 
proving  the  existence  of  any  oxide  of  phosphorus.  When  phospho- 
rus is  kept  under  water  for  some  time,  a  white  film  is  formed  upon 
its  surface,  which  some  have  regarded  as  an  oxide  of  phosphorus. 
The  red-coloured  matter  which  remains  afler  the  combustion  of  phos- 
phorus, is  also  supposed  to  be  an  oxide.  The  nature  of  these 
substances  has  not,,  however,  been  determined  in  a  satisfactory 
manner. 


SECTION  IX. 

BOROM 

Sir  H.  Davy  discovered  the  existence  of  Boron  in  1807,  by  expos- 
ing boracic  acid  to  the  action  of  a  powerful  galvanic  battery ;  but  he 
did  not  obtain  a  sufficient  supply  of  it  for  determining  its  properties. 
It  was  procured  in  greater  quantity  by  Gay-Lussac  and  Thenard*  in 
1S08,  by  heating  boracic  acid  with  potassium.  The  boracic  acid  is 
by  this  means  deprived  of  its  oxygen,  and  boron  is  set  free.  The 
easiest  and  most  economical  method  of  preparing  this  substance,  ac- 
cording to  Berzelius,  is  to  decompose  an  alkaline  borofluate  by  means 
of  potassium.     (Annals  of  Philosophy  xxvi.  128.) 

Boron  is  a  dark  olive-coloured  substance,  which  has  neither  taste 
nor  smell,  and  is  a  non-conductor  of  electricity.  '  It  is  insoluble  in 
water,  alcohol,  ether,  and  oils.  It  does  not  decompose  water  whether 
hot  or  cold.  It  bears  an  intense  heat  in  close  vessels,  without  fusing 
or  undergoing  any  other  change,  except  a  slight  increase  of  density.. 
Its  specific  gravity  is  about  twice  as  great  as  that  of  water.  It  may  be 
exposed  to  the  atmosphere  at  common  temperatures  without  change ; 
but  if  heated  to  600°  F.  it  suddenly  takes  fire,  oxygen  gas  disappears, 
and  boracic  acid  is  generated.  It  experiences  a  similar  change  when 
heated  in  nitric  acid,  or  with  any  substance  that  yields  oxygen  with 
facility. 

Boracic  acid.  This  is  the  only  known  compound  of  boron  and 
oxygen.  As  a  natural  product  it  is  found  in  the  hot  springs  of  Lipari, 
and  in  those  of  Sasso  in  the  Florentine  territory.  It  is  a  constituent 
of  several  minerals,  among  which  the  datolite  and  boracite  may  in 
particular  be  mentioned.  It  occurs  much  mere  abundantly  under  the 
form  of  borax,  a  native  compound  of  boracic  acid  and  soda.  It  is  pre- 
pared for  chemical  purposes  by  adding  sulphuric  acid  to  a  solution  of 
purified  borax  in  about  four  times  its  weight  of  boiling  water,  till  the 
liquid  acquires  a  distinct  acid  reaction.  The  sulphuric  acid  unites 
with  the  soda ;  and  the  boracic  acid  is  deposited,  when  the  solution 
cools,  in  a  confused  group  of  shining  scaly  crystals.  It  is  then 
thrown  on  a  filter,  washed  with  cold  water  to  separate  the  adhering 


*  Recherches  Pbysico-Chimiques,  vol.L« 
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Butpbate  of  soda  and  aalphuric  acid,  and  alill  further  purified  by  solu* 
tion  in  boiling  water  and  re-crystallization.  But  even  after  this  treat' 
inent  it  is  apt  to  retain  a  little  sulphuric  acid»  and  on  this  account^ 
when  required  to  be  absolutely  purd,  should  be  fose'd  in  a  platinum 
crucible,  and  once  more  dissolved  in  hot  water  and  crystallized. 

Boracic  acid  in  this  state  is  a  hydrate.  Its  precise  degree  of  solu- 
bility in  water  has  not  been  determined  with  accuracy ;  but  it  is  much 
more  soluble  in  hot  than  in  cold  water.  Boiling  alcohol  dissolves  it 
freely,  and  the  solution,  when  set  on  fire,  bums  with  a  beautiful  green 
flame ;  a  test  which  aifords  the  surest  indication  of  the  presence  of 
boracic  acid.  Its  specific  gravity  is  1.479.  It  has  no  odour,  and  its 
taste  is  rather  bitter  than  acid.  It  reddens  litmus  paper  feebly,  and  ef* 
fervesces  with  alkaline  carbonates*  Mr  Faraday  has  noticed  that  it 
renders  turmeric  paper  brown  like  the  alkalies.  From  the  weakness 
of  its  acid  pcoperties,  all  the  borates,  when  in  solution,  are  decom- 
posed by  the  stronger  acids. 

When  hydrous  boracic  acid  is  exposed  to  a  gradually  increasing  heat 
in  a  platinum  crucible,  its  water  of  crystallization  is  wholly  expelled, 
and  a  fused  mass  remains  which  bears  a  white  heat  without  being  sub- 
limed. On  cooling,  it  forms  a  hard,  colourless,  transparent  glass, 
which  is  anhydrous  boracic  acid.  .  If  the  water  of  crystallization  be 
driven  oif  by  the  sudden  application  of  a  strong  heat,  a  large  quantity 
of  boracic  acid  is  carried  away  during  the  rapid  escape  of  watery  va- 
pour. The  same  happens,  though  in  a  less  d^ree,  when  a  solution  of 
boracic  acid  in  water  is  boiled  briskly.  Yitri&d  boracic  acid  should 
be  preserved  in  well  stopped  vessels ;  for  if  exposed  to  the  air,  it  ab- 
sorbs water,  and  gradually  loses  its  transparency.  Its  specific  gravity  is 
1.803.  Itis  exceedingly  fusible,  and  communicates  this  property  to  the 
substances  with  which  it  unites*  For  this  reason  borax  is  often  used 
as  a  flux. 

The  most  obvious  mode  of  determining  the  composition  of  boracic 

acid  is  to  burn  a  known  quantity  of  boron,  and  ascertain  its  increase 

of  weight  when  the  combustion  ceases.    This  method,  however, 

though  apparently  simple,  is  very  difficult  of  execution ;  for  the 

boracic  acid  fuses  at  the  moment  of  being  generated,  and  by  glazing 

the  surface  of  the  unconsumed  boron,  protects  it  from,  oxidation. 

Hence  it  was  that  the  experiments  performed  by  Gay-Lussac  and 

llienard  on  this  subject,  led  to  results  widely  different  from  those 

which  Sir  H.  Davy  obtained  by  a  similar  process.     Dr  Thomson,  from 

data  furnished  partly  by  himself,  and  partly  by  Sir  H.  Davy,  infers  that 

'  the  atomic  weight  of  boron  is  8,  and  that  boracic  acid  is  composed  of 

Boron        .  .  8,  or  one  equivalent. 

Oxygen     .  .        16,  or  two  equivaleuts. 

Consequently,  the  equivalent  of  boracic  acid  is  24. 

Crystallized  boracic  acid,  according  to  the  same  chemist,  is  com- 
posed of 

Boracic  acid        .        24,  or  one  equivalent. 
Water        .         .        18,  or  two  equivaleuts. 

and  therefore  its  equivalent  is  42. 

Sulphuret  of  JBoroH.-^Tliia  compound  may  be  formed  according 
to  Berzelius,  by  igniting  boron  strongly  in  the  vapour  of  sulphur,,  and 
the  combination  is  accompanied  with  the  phenomena  of  combustion. 
The  product  is  a  white  opake  mass,  which  is  converted  by  the  action 
of  water  into  sulphuretted  hydrogen  and  boracic  acid  ;  and  the  liquid 
becomes  milky  at  the  same  time  from  a  deposition  of  sulphur.  (Aunals 
of  PhUosophy,  xxvi.  129.) 


193  Sekmum. 


SECTION  X. 

* 

SELEJVIUM. 

Seleniam  has  hitherto  been  -fooDd  in  very  small  quantity.  It  oc- 
cun  for  the  most  part  In  combination  with  sulphur  m  some  kmds  of 
iron  pyrites*  Stromeyer  has  also  detected  it,  as  a  sulpburet  of  seleni- 
um, among  tiie  volcanic  products  of  the  Lipari  isles.  It  is  found  - 
hkewise  at  Clausthal,  in  the  Hartz  mountains,  combined,  according  to 
Stromeyer  and  Rose,  with  several  metals,  such  as  lead,  cobalt,  sliver, 
mercury,  and  copper.  It  was  discovered  in  1818  by  Berzelius  in  the 
sulphur  obtained  by  sublimation  from  the  iron  pyrites  of  Fahlun.  la 
a  manufactory  of  sulphuric  acid  at  which  this  sulphur  was  employed, 
it  was  observed  that  a  reddish-coloured  matter  always  collected  at  the 
bottom  of  the  leaden  chamber ;  and  on  burning  this  substance,  Berze* 
lius  perceived  a  strong  and  peculiar  odour,  similar  to  that  of  decayed 
horse-radish,  which  induced  him  to  submit  it  to  a  careful  examination, 
and  thus  led  to  the  discovery  of  selenium*. 

Selenium,  at  common  temperatures,  is  a  brittle  opake  solid  body, 
without  taste  of  odour.  It  has  a  metallic  lustre  and  the  aspect  of  lead, 
when  in  mass ;  but  is  of  a  deep  red  colour  when  reduced  to  powder.  ^ 
Its  specific  gravity  is  between  4.3  and  4.S2.  At  212"  it  softens,  and 
is  then  so  tenacious  that  it  may  be  drawn  out  into  fine  threads  which 
are  transparent,  and  appear  red  by  transmitted  light.    It  becomes 

?[uite  fluid  at  a  temperature  somewhat  above  that  of  boiline  water, 
t  boils  at  about  660°,  forming  a  vapour  which  has  a  deep  yellow  col- 
our, but  emitting  no  odour.  It  may  be  sublimed  in  close  vessels 
without  change,  and  condenses  again  into  dark  globules  of  a  metallic 
lustre,  or  as  a  cinnabar-red  powder,  according  as  the  space  In  which 
it  collects  is  small  or  large.  Berzelius  at  first  regarded  it  as  a  metal ; 
but,  since  it  is  an  imperfect  conductor  of  caloric  and  electricity, 
it  more  properly  belongs  to  the  class  of  the  simple  non-metallic 
bodies. 

Selenium  is  insoluble  in  water.  It  suffers  no  change  from  mere  ex- 
posure to  the  atmosphere ;  but  if  heated  in  the  open  air,  it  combines 
readily  with  oxygen,  and  two  compounds,  the  oxide  of  selenium  and 
selentous  acid,  are  generated.  If  the  experiment  is  made  by  throw- 
ing upon  it  the  oxidizing  part  of  the  blow-pipe  flame,  it  tinges  the 
flame  of  a  light  blue  colour,  and  exhales  so  strone  an  odour  of  decay- ' 
ed  horse-radish,  that  l-60th  of  a  girain  is  said  to  be  sufficient  to  scent 
the  air  of  a  large  apartment.  By  this  character  the  presence  of 
selenium,  whether  alone  or  in  combination,  may  always  be  detected. 
Oxide  of  Selenium. — This  compound  is  formed  in  greatest  abun- 
dance by  heating  selenium  in  a  limited  quantity  of  atmospheric  ait, 
and  washing  the  product  to  separate  the  selenious  acid.  It  is  a  co- 
lourless gas,  which  is  veiy  sparingly  soluble  in  water,  and  does  not 
possess  any  acid  properties.  It  is  the  cause  of  the  peculiar  odour 
which  is  emitted  during  the  oxidation  of  selenium.  Its  composition 
has  not  been  determined,  but  it  probably  contains  an  atom  of  each  of 
its  elements. 

Selenious  Jleid — This  acid  is  most  conveniently  prepared  by  di- 
gesting selenium  in  nitric  or  nitro-muriatic  acid  till  it  is  completely  dis- 

*  An.  de  Ch.  et  de  Phys.  vol.  ix.,  or  Annals  of  Philosophy,  vol.  ziil. 
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■olved.  On  «TapoinatiDg  tiM  foluUon  to  diyness,  a  white  rasidue  it 
left,  which  is  selenieus  acid.  By  iecrease  of  temperature,  the  acid 
itself  sublimes,  and  condenses  again  unchanged  into  long  four-sided 
needles.  It  attracts  moisture  from  the  air,  whereby  it  suffers  imper* 
feet  liquefaction.  It  dissolves  in  alcohol  and  water.  It  has  distinct 
acid  properties,  and  its  salts  are  called  selenites, 

Selenious  acid  is  readily  decomposed  by  all  substances  which  have 
a  strong  affinity  for  oxygen, 'such  as  sulphurous  and  phosphorous 
acids.  When  sulphurous  acid,  or  an  alkaline  sulphite,  is  added  to  a 
solution  of  selenious  acid,  a  red-coloured  powder,  pure  selenium,  ts 
thrown  down,  and  the  sulphurous  converted  into  sulphuric  acid. 
Sulphuretted  hydrogen  also  decomposes  it;  and  an  orange-yellow 
precipitate  subsides,  which  is  a  sulphuret  of  selenium. 

The  atomic  weight  of  selenium,  deduced  chiefly  from  the  experi- 
ments of  Berzelius,  is  40  ;  and  the  selenious  acid,  according  to  the  ana- 
lysis of  the  same  chemist,  consists  of 

Selenium         .        40        .        one  equivalent. 
Oxygen  .        16  t^o  equivalents. 

56 

Selenie  aeid.-^The  preceding  compound,  discovered  by  Berzelius, 
was  till  lately  the  only  known  acid  of  selenium,  and  has  hitherto  been 
described  in  elementary  works  under  the  name  of  selenie  acid  ;  but 
the  recent  discovery  of  another  acid  of  selenium  containing  more  oxy- 
gen than  the  other,  has  rendered  necessary  a  change  of  nomenclature. 
The  existence  of  the  selenie  acid  was  first  noticed  by  M.  Nitzscb, 
assistant  of  Professor  Mitscherlich,  and  its  properties  have  been  exam- 
ined and  described  by  the  professor  himself.  (Edin.  Journal  of  Science, 
No.  XVI.  294.) 

This  acid  is  prepared  by  fusing  nitrate  of  potassa  or  soda  with  sele- 
nium, a  metallic  seleniuret,  or  with  selenious  acid  or  any  of  its  salts. 
The  seleniuret  of  lead,  as  the  most  common  ore  of  selenium,  will  gene^ 
rally  be  employed  ;  but  it  is  very  difficult  to  obtain  pure  selenie  acid  by 
its  means,  because  it  is  conlmonly  associated  with  metallic  sulphurets. 
The  ore  is  first  treated  with  muriatic  acid  to  remove  any  carbonate 
that  may  be  present ;  and  the  insoluble  part,  which  is  about  a  third  of 
(he  mass,  is  mixed  with  its  own  weight  of  nitrate  of  soda,  and  thrown 
by  successive  portions  into  a  red-hot  crucible.  The  lead  is  thus  oxu 
dized,  and  the  selenium  converted  into  selenie  acid,  which  unites  with 
soda.  The  fused  mass  is  then  acted  on  by  hot  water,  which  dissolves 
only  the  seleniateof  soda,  together  with  nitrate  and  nitrite  of  soda ;  while 
the  insoluble  matter,  when  well  washed,  is  quite  free  from  selenium. 
Hie  solution  is  next  made  to  boil  briskly,  when  anhydrous  seleniate  of 
soda  is  deposited ;  while  on  cooling  nitrate  of  soda  crystallizes.  On 
renewing  the  ebullition  and  subsequent  cooling,  fresh  portions  of  the 
seleniate  and  nitrate  are  procured ;  and  these  successive  operations  are 
repeated,  until  the  former  salt  is  entirely  separated.  This  process  is 
founded  on  the  fiict,  that  seleniate  of  soda,  like  the  sulphate  of  the 
same  base,  is  more  soluble  in  water  of  about  90**  F.  than  at  higher  or 
lower  lempemlures.  The  nitrite  of  soda,  formed  during  the  fiiston,.is 
iwrposely  recoaverted  into  -nitrate  by  digestion  with  nitric  acid. 

The  seleniate  of  soda  thusj^ro^Mredwalwaysi^filUftips  a  U.ttlesul^^^ 
ric  acid,  derived  from  the  metallic  sulphurets  of  the  ore ;  and  it  is  not 
possible  to  separate  this  acid  by  crystalIis»tion.  AU  attempts  to  sepa- 
rate it  by  means  of  harvta  were  Jikewise  icnitless ;  and  the  only  me- 
thod of  effecting  this  object  is  by  reducuD^  the  selenie  acid  into  sele- 
nium. This  is  done  by  heating  a  mixture  of  the  seleniate  of  soda  and 
R 
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sal  ammoniac ;  when  mutual  decomposition  ensues,  the  soda  unites 
with  muriatic  acid,  the  hydrogen  of  the  ammonia  combines  with  the 
oxygen  of  the  seleoic  acid,  and  selenium  and  nitrogen  are  set  free. 
The  selenium  thus  obtained  is  quite  free  from  sulphur.  It  is  then  con- 
▼erted  by  nitric  acid  into  selenious  acid^  neutralized  with  soda,  the 
seleniate  generated  by  fusion  with  nitre  or  nitrate  of  soda,  and  sepa- 
rated according  to  the  foregoing  process.  The  pure  seleniate' of  soda 
is  subsequently  dissolved  in  water,  and  obtained  in  crystals  by  spon- 
taneous evaporation. 

To  procure  the  acid  in  a  free  state,  the  seleniate  of  soda  is  decom- 
posed by  nitrate  of  lead.  The  seleniate  of  lead,  which  is  as  insoluble 
as  the  sulphate,  after  being  well  washed,  is  exposed  to  a  current  of 
sulphuretted  hydrogen  gas,  which  precipitates  all  the  lead  as  &  sul- 
phuret,  but  does  not  decompose  the  selenic  acid.  The  eicess  of  sul- 
phuretted hydrogen  is  driven  off  by  heat,  and  pure  selenic  acid  remains 
diluted  with  water.  The  absence  of  fixed  substances  may  be  proved 
bv  its  being  volatilized  by  heat  without  residue ;  and  if  free  from  sul- 
phuric acid,  it  gives  no  precipitate  with  muriate  of  barytiai  after  being 
boiled  with  muriatic  acid*.  Any  nitric  acid  which  may  be  present  S 
expelled  by  concentrating  the  solution  by  means  of  heat. 

Selenic  acid  is  a  colourless  liquid,  which  may  be  heated  to  6S6f*  F. 
without  appreciable  decomposition ;  but  above  that  point  decomposi- 
tion commences,  and  becomes  rapid  at  564^  giving  rise  to  disengage- 
ment of  oxygen  and  selenious  acid.  When  concentrated  by  a  tem- 
perature of  829''  its  specific  gravity  is  2.624 ;  at  612°  it  is  2.60,  and  at 
546*^  it  is  2.626,  but  a  little  selenious  acid  is  then  present.  When  pro- 
cured by  the  process  above  described,  selenic  acid  always  contains 
water,  but  it  is  very  difficult  to  ascertain  its  precise  proportion.  Some 
acid  which  had  been  heated  higher  than  636°,  contained,  subtracting 
the  t]uantity  of  selenious  acid  present,  16.76  per  cent  of  water,  which 
approximates  to  the  ratio  of  one  equivalent  of  water  and  one  of  the 
acid.  It  is  certain  that  selenic  acid  is  decomposed  by  heat  before  part- 
ing with  all  the  water  which  it  contains. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emits  as  much 
heat  in  uniting  with  it  as  sulphuric  acid  does.  Like  this  acid  it  is  not 
decomposed  by  sulphuretted  hydrogen,  and  hence  this  gas  may  be 
employed  for  decomposing  the  seleniate  of  lead  or  copper.  With  mu- 
riatic acid  the  change  is  peculiar;  for  on  boiling  the  mixture,  mutual 
decomposition  ensues,  water  and  selenious  acid  &re  formed,  and  chlo- 
rine set  free ;  so  that  the  solution,  like  aqwt  regia,  is  capable  of  dis- 
solving gold  and  platinum.  Selenic  acid  dissolves  zinc  and  iron  with 
disengagement  of  hydrogen  gas,  and  copper  with  formation  of  seleni- 
ous acid.  It  dissolves  gold  also,  but  not  platinum.  -  Sulphurous  acid 
has  no  action  on  selenic  acid,  whereas  selenious  acid  is  easily  reduced 
by  it.  Consequently,  when  it  is  wished  to  precipitate  selenium  from 
selenic  acid,  it  must  be  boiled  with  muriatic  acid  before  sulphurous 
acid  is  added. 

Selenic  acid,  in  its  affinity  for  alkaline  bases,  is  little  inferior  to  sul- 
phuric acid ;  so  much  so,  indeed,  that  the  seleniate  of  baryta  cannot 
be  completely  decomposed  by  sulphuric  acid.  It  i^  therefore  an  acid 
of  great  power.    From  the  analysis  of  this  acid  and  of  the  eeleniales 

*  The  necessity  of  this  previous  boiling  with  muriatic  acid  is  to 
convert  the  selenic  into  selenious  acid,  without  which  change  the  mu- 
riate of  baryta  would  produce  a  precipitate  of  seleniate  of  baryta.  The 
rationale  of  the  action  of  muriatic  acid  ia  explained  further  on.    B. 


Chkmne.  195 

of  potMsa  and  soda  by  profeMor  Mitscherlich,  it  is  established  that  the 
oxygea  of  the  selenious  and  selenic  acids,  combined  with  the  same 
<]aantity  of  selenium,  is  in  the  ratio  of  2  to  3,  as  is  the  case  with  sul- 
phurous and  sulphuric  acids.  Hence  the  selenic  acid  is  a  compound 
of  40  parts,  or  one  equivalent  of  selenium,  and  24  parts,  or  three  equi- 
valents of  oxygen ;  and  its  equivalent  is  64. 

Professor  Mitscherlich  has  observed,  that  the  selenic  and  sulphuric 
acids  are  not  only  analogous  in  composition  and  many  of  their  pro- 
perties, but  that  the  similarity  runs  through  their  compounds  with  al- 
kaline substatfces,  their  salts  resembling  each  other  in  chemical  pro- 
perties, constitution,  and  form. 


SECTION  XI. 

CHLORJJ^E. 

The  discovery  of  chlorine  was  n^ade  in  the  year  1T70  by  Scheele 
while  Investigating  the  nature  of  manganese,  and  he  described  it  un- 
der the  M^me'oXiiephlogUticattd  marine  acid.  The  French  chemists 
called  it  oxygenized  muriatic  add,  a  term  which  was  afterwards  con- 
.  traded  to  oxy 'muriatic  aeidf  from  an  opinion  proposed  by  Berthollet 
that  it  is'  a  compound  of  muriatic  acid  and  oxygen.  In  1809  Gay- 
Lussac  and  Thenard* published  an  abstract  of  some  experiments  upon 
this  substance,  which  subsequently  appeared  at  length  in  their  He- 
cherches  PhyaicO'Chimiquea,  wberein  they  stated  that  oxy  muriatic 
acid  might  be  regarded  as  a  simple  body,  though  they  gave  the  prefer- 
ence to  the  doctrine  advanced  by  Berthollet.  Sir  H.  Davy  engaged 
in  the  inquiry  about  the  same  time,  and  after  having  exposed  oxymu- 
riatic  acid  to  the  most  powerful  decomposing  agents  which  chemists 
possess,  without  being  able  to  effect  its  decomposition,  he  communi- 
cated Xo  the  Royal  Society  an  essay,  in  which  he  denied  its  compound 
.nature,  and  maintained  that,  according  to  the  true  logic  of  chemistry, 
it  is  entitled  to  rank  with  simple  bodies.  This  view,  which  is  com- 
monly termed  the  neu)  theory  of  chlorine,  though  strongly  objected 
to  at  the  time  it  was  first  proposed.  Is  now  almost  universally  receiv- 
ed by  chemists,  and  accordingly  is  adopted  in  this  work.  The  grounds 
of  preference  will  hereafter  be  briefly  stated. 

Chlorine  gas  is  obtained  by  the  action  of  muHfitlc  acid  on  the  »>«r. 
oxide  of  manganese.  The  most  convenient  method  of  preparing  it  is 
by  mixing  concentrated  muriatic  acid,  contained  in  a  glass  flask,  with 
half  its  weight  of  finely  powdered  peroxide  of  manganese.  Efferves- 
cence, owing  to  the  escape  of  chlorine,  takes  place  even  in  the  cold ; 
but  the  gas  is  evolved  much  more  freely  by  the  application  of  a  mode- 
rate heat.  It  should  be  collected  in  inverted  glass  bottles  filled  with 
warm  water ;  and  when  the  water  is  wholly  displaced  by  the  gas,  the 
tiottles  should  be  closed  with  a  well-ground  glass  stopper.  As  some 
muriatic  acid  gas  commonly  passes  over  with  it,  the  chlorine  should 
not  be  considered  quite  pure,  till  after  being  transmitted  through  water. 

Before  explaining  the  theory  of  this  process,  it  may  be  premised  that 
muriatic  acid  consists  of  36  parts  or  one  equivalent  of  chlorine,  and  1 
part  or  one  equivalent  of  hydrogen.  The  peroxide  of  manganese,  as 
already  mentioned,  (page  136,)  is  composed  of  28  parts  or  one  eoui- 
•valent  of  manganese,  and  16  or  two  equivalents  of  oxygen.    When 
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the  hydrogeo  to  form  muriatic  add,  and  oxygen  gas  is  set  at  liberty. 
This  change  talces  place  quickly  in  sunshine,  more  slowly  in  diffused 
day-light,  and  not  at  all  when  the  light  is  wholly  excluded.  Hence 
the  necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  in  a  dark 
place,  if  it  is  wished  to  preserve  it  for  any  time. 

Chlorine  unites^with  some  substances  with  evolution  of  heat  and 
light,  and  is  hence  termed  a  supporter  of  combustion.  If  a  lighted 
taper  be  plunged  into  chlorine  gas,  it  bums  for  a  short  time  with  a 
small  red  flame,  and  emits  a  large  quantity  of  smoke.  Phosphorus 
takes  fire  in  it  spontaneously,  and  burns  with  a  pale  white  light. 
Several  of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 
zinc,  when  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 
leaves,  are  suddenly  inflamed.  In  all  these  cases  the  combustible 
substances  unite  with  chlorine. 

Chlorine  has  a  very  powerful  attraction  for  hydrogen ;  and  many  of 
the  chemical  phenomena  to  which  chlorine  gives  rise,  are  owing  to 
this  property.  A  striking  example  is  its  power  of  decomposing  water 
by  the  action  of  light,  or  at  a  red  heat ;  and  most  compound  substan- 
ces, of  which  hydrogen  is  an  element,  are  deprived  of  that  principle, 
and  therefore  decomposed  in  like  manner.  For  the  same  reason, 
when  chlorine,  water,  and  some  other  body  which  has  a  strong  aflin- 
ity  for  oxygen,  are  presented  to  one  another,  the  water  is  usually  re* 
solved  into  its  elements,  the  hydrogen  attaches  itself  to  the  chlorine, 
and  the  oxygen  to  the  other  body.  Hence  it  happens  that  chloiine  is 
indirectly  one  of  the  most  powerful  oxidizing  agents  which  we  possess. 

When  any  compound  of  chlorine  and  an  inflammable  is  exposed  to 
the  influence  of  galvanism,  the  inflammable  body  goes  over  to  the 
negative,  and  the  chlorine  to  the  positive  pole  of  the  battery.  This 
establishes  a  close  analogy  between  oxygen  and  chlorine,  both  of  them 
being  supporters  of  combustion,  and  both  negative  electrics. 

Chlorine,  though  formerly  called  an  acid,  possesses  no  acid  proper- 
ties. It  has  not  a  sour  taste,  does  not  redden  the  blue  colour  of 
plants,  and  shows  comparatively  little  disposition  to  unite  with  alka-  ^ 
lies.  Its  strong  affinity  for  the  metals  is  sufficient  to  prove  that  it  is 
not  an  acid ;  for  chemists  are  not  acquainted  with- any  instance  of  an 
acid  combining  directly  in  definite  proportion  with  a  metal. 

The  mutual  action  of  chlorine  and  the  pure  alkalies  leads  to  com- 
plicated changes.  If  chlorine  gas  is  passed  into  a  solution  of  potassa 
till  all  i^lkaline  reaction  ceases,  a  liquid  is  obtained  which  has  the 
odour  of  a  solution  of  chlorine  in  water.  But  on.  applying  heat,  the 
chlorine  disappears  entirely,  and  the  solution  is  found  to  contain  two 
neutral  salts,  the  chlorate  and  muriate  of  potassa.  The  production 
of  the  two  acids  is  owing  to  the  decomposition  of  water,  the  elements 
of  which  unite  with  separate  portions  of  chlorine,  and  form  the  chloric 
and  muriatic  acids.  The  affinities  which  give  rise  to  this  change,  are 
the  attraction  of  chlorine  for  hydrogen,  of  chlorine  for  oxygen,  and  of 
the  two  resulting  acids  for  the  alkali. 

One  of  tlis   mo?t  iiui>Qrlaiit  uroocrtics  of  chlarinp  Is  its  bteaching 
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tiMie  eompoands  reset  on  one  tnother,  one  eqnfrvleiit  of  eeeh  h 
doeomposed.  The  peroxide  of  nniigtne§e  gives  one  e^ufvaleot  of 
oiygen  to  the  hydrogen  of  the  imirfatie  aeid,  in  consequence  of  wMeh 
one  equivalent  of  water  is  generated,  and  one  equivalent  of  chlorine 
disengaged ;  while  the  protoxide  of  manganese  unites  with  an  equi*' 
valent  of  undecomposed  muriatic  acrd,  and  forms  an  equivalent  of 
the  muriate  of  the  protoxide  of  manganese.  Consequently^  for  every 
44  grains  of  the  peroxide  of  manganese,  74  (37x2)  grains  of  real 
muriatic  acid  disappear;  and  36  parts  of  chlorine,  9  of  water,  and  78 
of  protomuriate  of  manganese,  are  the  products  of  the  decomposition. 
The  affinities  which  determioe  these  changes  are  the  attraction 
of  oxygen  for  hydrogen,  and  of  the  protoxide  of  manganese  for  mu- 
riatic acid. 

When  it  is  an  object  to  prepare  chlorine  at  the  cheapest  rate,  as 
for  the  purposes  of  manufacture,  the  preceding  process  is  modified  in 
the  following  manner.  Three  parts  of  sea-salt  are  intimately  mixed 
with  one  of  the  peroxide  of  manganese,  and  to  this  mixture  two  parts 
of  sulphuric  acid,  diluted  with  an  equal  weight  of  water,  are  then 
added.  By  the  action  of  sulphuric  acid  on  sea-salt  muriatic  acid  is 
disengaged,  which  reacts  as  in  the  former  case  upon  the  peroxide  of 
manganese ;  so  that,  instead  of  adding  muriatic  acid  directly  to  the 
manganese,  the  materials  for  fornfing  it  are  employed.  In  this  pro- 
cess, however,  the  protoxide  of  manganese  unites  with  sulphuric  in- 
stead of  muriatic  acid,  and  tho  residue  is  sulphate  of  manganese  and 
sulphate  of  soda.  ^ 

Chlorine*  is  a  yellowish-green  coloured  gas,  which  has  an  astrin- 
gent taste,  and  a  disagreeable  odour.  It  is  one  of  the  most  suffocating 
of  the  gases,  exciting  spasm  and  great  irritation  of  the  glottis,  even 
when  considerably  diluted  with  air.  When  strongly  and  suddenly 
compressed,  it  emits  both  heat  and  light,  a  character  which  it  possesses 
in  common  with  oxygen  gas.  According  to  Sir  H.  Davy,  100  cubic 
inches  of  It  at  60°  F.  and  when  the  barometer  stands  at  30  inches,- 
weigh  between  76  and  77  grains.  Dr  Thomson  states  its  weight  at 
76.25  grains,  and  his  result  agrees  very  nearly  with  that  of  Gay-Lus- 
sac  and  Thenard.  Adopting  this  estimate,  Its  specific  gravity  is  2.6. 
Under  the  pressure  of  about  four  atmospheres  it  is  a  limpid  liquid  of  a 
bright  yellow  colour,  which  does  not  freeze  at  the  temperature  of 
zero,  and  which  assumes  the  gaseous  form  with  the  appearance  of  . 
ebullition  when  the  pressure  is  removed. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs  twice 
its  volume  of  chlorine,  and  yields  it  again  when  heated.  The  solu- 
tion, which  is  made  by  transmitting  a  current  of  chlorine  gas  through 
cold  water,  has  the  ^colour,  taste,  and  roost  of  the  other  properties  of  the 
gas  itself.  When  inoist  chlorine  ■  gas  is  exposed  to  a  cold  of  82"  F. 
yellow  crystals  are  formed,  which  consist  of  water  and  chlorine  in 
definite  proportions.  They  are  composed,  according  to  Mr  Faraday, 
of  36  or  one  equivalent  of  chlorine  to  90  or  ten  equivalents  of  water. 

Chlorine  experiences  no  chemical  change  from  the  action  of  the 
imponderables  Thus  it  is  not  affected  chemically  by  intense  heat, 
by  strong  shocks  of  electricity,  or  by  a  powerful  galvanic  battery. 
Sir  H.  Davy  exposed  it  also  to  the  action  of  charcoalheated  to  white- 
ness by  galvanic  electricity,  without  separating  oxygen  from  it,  or  in 
any  way  affecting  its  nature.  Light  does  not  act  on  dry^chlorioe ;  but 
f  water  be  present,  the  chlorine  decomposes  that  liquid,  unites  with 
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<he  hydrogen  to  form  muriatie  add,  and  oxygen  gas  is  set  at  liberty. 
This  change  takes  place  quickly  In  sunshine,  more  slowly  in  diffused 
day-Mght,  and  not  at  all  when  the  light  is  wholly  excluded.  Hence 
the  necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  In  a  dark 
place,  if  it  is  wished  to  preserve  it  for  any  time. 

Chlorine  unites  with  some  substances  with  evolution  of  heat  and 
light,  and  is  hence  termed  a  supporter  of  combustion.  If  a  lighted 
taper  be  plunged  into  chlorine  gas,  it  bums  for  a  short  time  with  a 
small  red  flame,  and  emits  a  large  quantity  of  smoke.  Phosphorus 
takes  fire  in  it  spontaneously,  and  burns  with  a  pale  white  light. 
Several  of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 
zinc,  when  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 
leaves,  are  suddenly  inflamed.  In  all  these  cases  the  combustible 
substances  unite  with  chlorine. 

Chlorine  has  a  very  powerful  attraction  for  hydrogen ;  and  many  of 
the  chemical  phenomena  to  which  chlorine  gives  rise,  are  owing  to 
this  property.  A  stiiking  example  is  its  power  of  decomposing  water 
by  the  action  of  light,  or  at  a  red  heat ;  and  most  compound  substan- 
ces, of  which  hydrogen  is  an  element,  are  deprived  of  that  principle, 
and  therefore  decomposed  in  like  manner.  For  the  same  reason, 
when  chlorine,  water,  and  some  other  body  which  has  a  strong  affin- 
ity for  oxygen,  are  presented  to  one  another,  the  water  is  usually  re* 
solved  into  its  elements,  the  hydrogen  attaches  itself  to  the  chlorine, 
and  the  oxygen  to  the  other  body*  Hence  it  happens  that  chloiine  is 
indirectly  one  of  the  most  powerful  oxidizing  agents  which  we  possess. 

When  any  compound  of  chlorine  and  an  inflammable  is  exposed  to 
the  influence  of  galvanism,  the  inflammable  body  goes  over  to  the 
negative,  and  the  chlorine  to  the  positive  pole  of  the  battery.  This 
establishes  a  close  analogy  between  oxygen  and  chlorine,  both  of  them 
being  supporters  of  combustion,  and  both  negative  electrics. 

Chlorine,  though  formerly  called  an  acid,  possesses  no  acid  proper- 
ties. It  has  not  a  sour  taste,  does  not  redden  the  blue  colour  of 
{»lant8,  and  shows  comparatively  little  disposition  to  unite  with  alka-  * 
ies.  Its  strong  affinity  for  the  metals  is  sufficient  to  prove  that  it  is 
not  an  acid ;  for  chemists  are  not  acquainted  with- any  instance  of  an 
acid  combining  directly  in  definite  proportion  with  a  metal. 

The  mutual  action  of  chlorine  and  the  pure  alkalies  leads  to  com- 
plicated changes.  If  chlorine  gas  is  passed  into  a  solution  of  potassa 
till  all  alkaline  reaction  ceases,  a  liquid  is  obtained  which  has  the 
odour  of  a  solution  of  chlorine  in  water.  But  on.  applying  heat,  the 
chlorine  disappears  entirely,  and  the  solution  is  found  to  contain  two 
neutral  salts,  the  chlorate  and  muriate  of  potassa.  The  production 
of  the  two  acids  is  owing  to  the  decomposition  of  water,  the  elements 
of  which  unite  with  separate  portions  of  chlorine,  and  form  the  chloric 
and  muriatic  acids.  The  affinities  which  give  rise  to  this  change,  are 
the  attraction  of  chlorine  for  hydrogen,  of  chlorine  for  oxygen,  and  of 
the  two  resulting  acids  for  the  alkali.    ^ 

One  of  the  most  important  properties  of  chlorine  is  its  breaching 
power.  All  animal  and  vegetable  colours  are  speedily  removed  by 
chlorine ;  and  when  the  colour  is  once  discharged,  it  can  never  be 
restored.  Sir  H.  Davy  proved  that  chlorine  cannot  bleach  unless 
water  is  present.  Thus,  dry  litmus  paper  suffers  no  change  in  dry 
chlorine ;  but  when  water  is  admitted,  the  colour  speedily  disappears. 
It  is  well  known  also,  that  muriatic  acid  is  always  generated  when 
.chlorine  bleaches.  From  these  facts  it  is  inferred  that  water  is  de- 
composed during  the  process,  that  its  hydrogen  unites  with  chlorine, 
and  that  the  decomposition  of  the  colouring  matter  is  occasioned  by 
R  8 
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the  ozyeeo  which  is  liberated.  The  bleaching  property  of  the  deut- 
oscide  of  hydrogen,  of  which  oxygen  is  certainly  the  decolorizmg 
principle,  leaves  little  doubt  of  the  accuracy  of  the  foregoing  ex- 
planation. 

Chlorine  is  useful,  Kkewise,  for  the  purposes  of  fumigation.  The 
experience  of  Guyton-Morveau  is  sufficient  evideace  of  its  power  in 
destroying  the  volatile  principles  given  off  by  putrefying  animal  mat- 
ter ;  and  it  probably  acts  in  a  similar  way  on  contagious  effluvia.  A 
peculiar  compound  of  chlorine  and  soda,  the  nature  of  which  will  be 
considered  in  the  section  on  Sodium,  has  been  lately  introduced  for 
this  purpose  by  M.  Labarraque. 

Chlorine  is  in  general  easily  recognized  by  its  colour  and  odour. 
Chemically  it  may  be  detected  by  its  bleaching  property,  added  to 
the  circumstance  that  a  solution  of  the  nitrate  ofsilver  occasions  in  it 
a  dense  white  precipitate  (a  compound  of  chlorine  and  metallic  silver), 
which  becomes  dark  on  exposure  to  light,  is  insoluble  in  acids,  and 
dissolves  completely  in  pure  ammonia.  The  whole  of  the  chlorine, 
however,  is  not  thrown  down  by  nitrate  of  silver ;  for  the  oxygen  of 
the  oxide  of  silver  unites  with  a  portion  of  chlorine,  and  converts  it 
into  chloric  acid.    , 

The  compounds  of  chlorine,  which  are  not  acid,  are  termed  ehlo- 
fidea  or  ehlorwrets.  The  former  expression  is  perhaps  the  more  ap- 
propriate, from  the  analogy  between  chlorine  and  oxygen. 

Compound  of  Chlorine  and  Hydrogen. — Muriatic 
Add  Gas*. 

Muriatie  or  hydroehloric  add  gas  was  discovered  by  Priestley  in 
1772.  It  may  be  conveniently  prepared  by  putting  an  ounce  of  the 
strong  muriatic  acid  of  the  pharmacopoeia  into  a  glass  flask,  and  heat- 
ing it  by  means  of  a  lamp, fill  the  liquid  boils.  Pure  muriatic  acid  gas 
is  freely  evolved,  and  may  be  collected  over  mercury.  Another  me- 
thod of  preparing  it  is  by  the  action  of  concentrated  sulphuric  acid  on 
an  equal  weight  of  sea-salt.  Brisk  eflfervescence  ensues  at  the  mo- 
ment of  making  the  mixture,  and  on  the  application  of  heat  a  large 
quantity  of  muriatic  acid  gas  is  disengaged.  In  the  first  process, 
muriatic  acid,  previously  dissolved  in  water,  is  simply  expelled 
from  the  solution  by  increased  temperature.  The  explanation  of  the 
second  process  is  rather  more  complicated.  Sea-salt  was.formerly  sup- 
posed to  be  a  compound  of  muriatic  acid  and  soda  ;  and,  on  this  sup- 
position, the  soda  was  believed  merely  to  quit  the  muriatic  and  unite 
with  sulphuric  acid.  But  according  to  the  experiments  of  Gay-Lus- 
sac  and  Thenard  and  Sir  H.  Davy,  sea-salt  in  its  dry  state  consists, 
not  of  muriatic  acid  and  soda,  .but  of  chlorine  and  sodium,  the  metallie 
base  of  soda.  The  proportion  of  its  constituents  are 
Chlorine  36  one  proportional. 
Sodium  24        one  proportional. 

When  sulphuric  acid  is  added  to  it,  one  proportion  of  water  is  resolv- 
ed into  its  elements;   the  hydrogen  unites  with  chlorine,  forming 

*  I  have  here  deviated  slightly  from  my  arrangement.  I  have  done 
»o,  because  it  will  facilitate  the  study,  of  the  compounds  of  chlorine 
with  the  simple  non-metallic  bodies,  te  describe  them  in  the  same 
section.  Iodine  and  bromine,  for  a  like  reason,  will  be  treated  in  a 
similar  manner. 
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muriatic  acid,  which  escapes  in  the  form  of  gas ;  while  soda  Is  genera^ 
ted  by  the  combiDation  of  the  oxygen  with  sodiuniy  which  combines 
with  the  sulphuric  acid,  and  forms  sulphate  of  soda.  ^  The  water  con- 
tained in  the  liquid  sulphuric  acid  is  therefore  essential  to  the  success 
of  the  operation.  The  affinities  which  determine  the  change  are  Uie 
attraction  of  chlorine  for  hydrogen,  of  sodium  for  oxygen,  and  of  soda 
for  sulphuric  acid. 

Muriatic  acid  may  be  generated  by  the  direct  union  of  its  elements. 
When  equal  measures  of  chlorine  and  hydrogen  are  mixed  together, 
and  an  electric  spark  is  passed  through  the  mixture,  instantaneous 
combination  takes  place,  heat  and  light  are  emitted,  and  muriatic  acid 
is  generated.  A  similar  effect  is  produced  by  flame,  by  a  red-hot  body, 
and  by  spongy  platinum.  Light  also  causes  them  to  unite.  A  mix- 
ture of  the  two  gases  may  be  preserved  without  change  in  a  dafk 
place ;  but  if  exposed  to  the  diffused  light  of  day,  gradual  eombinatioa 
ensues,  and  is  completed  in  the  course  of  24  hours.  The  dllrect  solar 
lavs  produce,  like  flame  or  electricity,  sudden  inflammation  of  the 
whole  mixture,  accompanied  with  explosion;  and  according  to  Mr 
Brande,  the  vivid  light  emitted  by  charcoal  intensely  heated  by  gal- 
vanic electricity  acts  in  a  similar  manner. 

The  experiments  of  Davy,  and  Gay-Lussae  and  Thenard  concur  ia 
proving  that  hydrogen  and  chlorine  unite  in  equal  volumes,  and  that 
the  muriatic  acid  which  is  the  sole  and  constant  product,  occupies  the 
same  space  as  the  gases  from  which  it  is  formed.  From  these  facts 
the  composition  of  muriatic  acid  is  easily  inferred.    For,  as 

Orains, 

50- cubic  inches  of  chlorine  weigh  .  88.125 

and  &0  hydrogen  .  .  1.059 


100  cubic  inches  of  muriatic  acid  gas  must  weigh      89.184 
Its  specific  gravity,  therefore,  is  1.2847.    By  weight  it  consists  of 
Chlorine        .  88.125  .  86 

Hydrogen     .  1.059  1 

Since  chlorine  and  hydrogen  unite  in  one  proportion  only,  most 
chemists  regard  muriatic  acid  as  a.  compound  of  one  equivalent  of 
each  of  its  elements,  a  conclusion  which  appears  to  be  justified  by  the 
proportions  in  which  chlorine  and  hydrogen  unite  with  other  bodies. 
Hence,  86  is  one  equivalent  of  chloriney  and  3*7  the  equivalent  of 
muriatic  acid. 

Muriatic  acid  is  a  colourless  gas,  of  a  pungent  odour,  and  acid*  taste. 
Under  a  pressure  of  40  atmospheres,  and  at  the  temperature  of  50°F. 
it  is  liquid.  It  is  quite  irrespirable,  exciting  violent  spasm  of  the 
glottis;  but  when  diluted  with  air,  it  is  far  less  irritating  than  chlorine. 
All  burning  bodies  are  extinguished  by  it,  and  the  gas  itself  does  not 
take  fire  on  the  approach  of  flame. 

Muriatic  acid  gas  is  not  chemically  changed  by  mere  heat.  It  is 
readily  decomposed  by  galvaAism,  hydrogen  appearing  at  the  negative, 
and  chlorine  at  the  positive  pole.  It  is  also  decomposed  by  o^inary 
electricity.  The  decomposition,  however,  is  incomplete ;  for  thoueh 
one  electric  spark  resolves  a  portion  of  the  gas  into  its  elements,  the 
next  shock  in  a  great  measure  effects  their  reunion.  It  is  not  affect* 
ed  by  oxygen  under  common  circumstances  ;  but  if  a  mixture  of  ozy- 

gen  and  muriatic  acid  gases  is  electrified,  the  oxygen  unites  with  the 
ydrogen  of  the  muriatic  acid  Jo  form  water,  and  chlorine  is  set  at 
liberty.  For  this  and  the  preceding  fact  we  are  indebted  to  the  re- 
searches of  Dr  Henry. 
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Compounds  of  Chlorine  and  Oxygen. 

Chlorine  unites  with  oxygen  in  four  different  proportions.  The 
leading  character  of  these  compounds  is  derived  from  the  circumstance 
that  chlorine  and  oxygen,  the  attraction  of  which  for  most  elementary 
substances  is  so  energetic,  have  but  a  feeble  affinity  for  one  another. 
These  principles,  consequently,  are  never  met  with  in  nature  in  a  state 
of  combination.  Indeed^  they  cannot  be  made  to  combine  direct- 
ly ;  and  when  they  do  unite,  very  slight  causes  effect  their  separation. 
Notwithstanding  this,  their  union  is  always  regulated  by  the  law  of  de- 
finite proportions,  as  appears  from  the  following  tabular  view  of  the 
constitution  of  the  compounds  to  which  they  give  rise*. 


CMorine, 

Oxygen 

Protoxide  of  chlorine 

86 

8 

Peroxide  of  chlorine 

86 

82 

Chloric  acid 

86 

40 

Perchloric  acid 

86 

56 

Protoxide  of  CMorine.—^ThiB  gas  was  discovered  in  1811  by  Sir  H. 
Davy,  and  was  described  by  him  in  the  Philosophical  Transactions  for 
that  year  under  the  name  of  Euchlorine,  It  is  made  by  the  action  of 
muriatic  acid  on  chlorate  of  potassa ;  and  its  production  is  explicable 
by  the  fact,  that  muriatic  and  chloric  acids  mutually  decompose  each 
other.  When  muriatic  acid  and  chlorate  of  potassa  are  mixed  together, 
part  of  the  muriatic  acid  unites  with  the  potassa  of  the  salt,  and  thus 
sets  chloric  acid  free,  which  instantly  reacts  on  the  free  muriatic  acid. 
The  result  of  the  reaction  depends  on  the  relative  quantity  of  the  sub- 
stances. If  chlorate  of  potassa  is  mixed  with  an  excess  of  concen- 
trated muriatic  acid,  the  chloric  acid  undergoes  complete  decomposi- 
tion. For  each  equivalent  of  chloric,  five  equivalents  of  muriatic  acid 
are  decomposed :  the  five  equivalents  of  oiygen  contained  in  the  for- 
mer unite  with  the  hydrogen  of  the  latter,  producing  five  equivalents 
of  water;  while  the  chlorine  of  both  acids  is  disengaged.  If,  on  the 
contrary,  the  chlorate  of  potassa  is  in  excess,  and  the  muriatic  acid 
diluted,  the  chloric  acid  is  deprived  of  part  of  its  oxygen  only ;  and 
the  products  are  water,  protoxide  of  chlorine,  and  chlorine,  the  two 
latter  escaping  in  the  gaseous  form.  From  the  relative  proportion  in 
which  these  gases  are.  evolved,  I  apprehend  that  for  each  equivalent 
of  chloric,  three  of  muriatic  acid  must  be  decomposed  ;  and  that  by 
the  reaction  of  their  elements,  they  yield  three  equivalents  of  water, 
two  of  pure  chlorine,  and  two  of  the  protoxide  of  chlorine. 

The  best  proportion  of  the  ingredients  for  forming  this  compound  is 
-  two  parts  of  chlorate  of  potassa,  one  of  strong  muriatic  acid,  and  one 
of  water;  and  the  reaction  of  the  materials  should  be  promoted  by 
heat  sufficient  to  produce  moderate  effervescence.  The  gases  should 
be  collected  over  mercury,  which  combines  with  the  -chlorine,  and 
leaves  the  protoxide  of  chlorine  in  a  pure  state. 

The  protoxide  of  chlorine  has  a  yellowish-green  colour  similar  to 
that  of  chlorine,  but  considerably  more  brilliant,  which  'induced  Sir 
H.  Davy  to  give  it  the  name  of  euchlorine.  Its  odour  is  like  that  of 
burned  sugar.  Water  dissolves  eight  or  ten  times  its  volume  of  the 
gas,  and  acquires  a  colour  approaching  to  orange.  It  bleaches  vege- 
•  table  substances,  but  gives  the  blue  colours  a  tint  of  red  before  de- 

*  Note  by  Ga^-Lussac  in  the  9th  volume  of  the  An.  de  Ch.  et  de 
Physique. 
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ttroyiBg  them.    It  does  not  unite  with  alkalies,  and  thetefore  is  not 
an  acid. 

The  protoxide  of  chlorine  is  explosive  in  a  high  degree.  The  heat 
of  the  band,  or  the  pressure  occasioned  in  transferring  it  from  one  ves- 
sel to  another,  sometimes  causes  an  explosion.  This  effect  is  also 
occasioned  by  phosphorus,  which  bursts  into  flame  at  the  moment  of 
immersion.  All  burning  bodies,  by  their  heat,  occasion  an  explosion, 
and  then  bum  vividly  in  the  decomposed  gas.  With  hydrogen  it  forms 
a  mixture  which  explodes  by  flame  or  the  electric  sparic,  with  produc- 
tion of  water  and  muriatic  acid.  The  best  proportion  is  fifty  mea- 
sures of  the  protoxide  of  chlorine  to  eighty  of  hydrogen. 

The  protoxide  of  chlorine  is  easily  analyzed  by  heating  a  known 
quantity  of  it  in  a  strong  tube  over  mercury.  An  explosion  takes 
place;  and  60  of  the  gas  expand  to  60  measures,  20  of  which  are. 
oxygen,  and  40  chlorine.  -  The  specific  gravity  of  a  gas  so  constituted 
must  be  2.444,  and  its  composition  by  weight  is,  chlorine  86  +  oxy* 
gen  8.    Its  atomic  weight  is  consequently  44. 

Peroxide  of  Chlorine* — The  peroxide  of  chlorine  was  discoiwred 
in  1815  by  Sir  H.  Davy*,  and  soon  after  by  Count  Stadion  of  Vienna. 
It  is  formed  by.  the  action  of  sulphuric  acid  on  chlorate  of  potassa. 
A  quantity  of  this  salt,  not  exceeding  50  or  60  grains,  is  reduced  to 
pfQprder,  and  made  into  a  paste  by  the  addition  of  strong  sulphuric 
acid.  The  mixture,  which  acquires  a  deep  yellow  colour,  is  placed  in 
a  glass  retort,#and  heated  by  warm  water,  the  temperature  of  which 
is  kept  under  212°  F.  A  bright  yellowish-green  gas  of  a  still  richer 
colour  than  the  protoxide  of  chorine  is  disengaged,  which  has  an  aro- 
matic odour  without  any  smell  of  chlorine,  is  absorbed  rapidly  by  wa- 
ter, to  which  it  communicates  its  tint,  and  has  no  sensible  action  on 
mercury.    This  gas  is  the  peroxide  of  chlorine. 

The  chemical  changes  which  lake  place  in  the  process  are  explain- 
ed in  the  following  manner.  The  sulphuric  acid  decomposes  some  of 
the  chlorate  of  potassa,  and  sets  chloric  acid  at  liberty.  The  chloric 
acid,  at  the  moment  of  separation,  resolves  itself  into  peroxide  of 
chlorine  and  oxygen ;  the  last  of  which,  instead  of  escaping  as  free 
oxvgen  gas,  goes  over  to  the  acid  of  some  undecomposed  chlorate 
of  potassa,  and  converts  it  into  perchloric  acid.  The  whole  pro- 
ducts are  bisulphate  and  perchtorate  of  potassa,  and  peroxide  of 
chlorine.  It  is  most  probable,  from  the  data  contained  in  the  preced- 
ing table,  that  every  three  equivalents  of  chloric  acid  yield  one  equiva- 
lent of  perchloric  acid  and  two  equivalents  of  peroxide  of  chlorine. 

The  peroxide  of  chlorine  does  not  unite  with  alkalies.  It  destroys 
most  vegetable  blue  colours  without  previously  reddening  them. 
Phosphorus  takes  fire  when  introduced  into  it,  and  occasions  an  ex- 
plosion. It  explodes  violently  when  heated  to  a  temperature  of  212^ 
F,  emits  a  strong  light,  and  undergoes^  a  greater  expansion  than  the 
protoxide  of  chlorine.  According  to  Sir  H.  Davy,  whose  result  is 
confirmed  by  Gay-Lussac,  40  measures  of  the  gas  occupy  the  space 
of  60  measures  after  explosion ;  and  of  these,  20  are  chlorine  and  40 
oxygen.  The  peroxide  is  therefore  composed  of  86  parts  or  one 
equivalent  of  chlorine,  united  with  32  or  four  equivalents  of  oxygen. 
Its  specific  gravity  must  be  2.361. 

(Mloric  aeid. — When  to  a  dilute  solution  of  the  chlorate  of  baryta 
a  quantity  of  weak  sulphuric  acid,  exactly  sufiBcient  for  combining 
with  the  baryta,  is  added,  the  insoluble  sulphate  of  baryta  subsides. 


*  Philosophical  TranMtcUoiia  for  1816. 
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9xA  pore  chloric  «cid  remaiiM  in  the  liquid.  This  add,  the  existmiee 
of  which  waa  originally  observed  by  Mr  Chenevix,  was  first  oh* 
tained  in  a  separate  state  by  Gay-Lussac. 

,  Chloric  acid  reddens  Tegetable  blue  colours,  has  a  sour  taste,  and 
forms  neutral  salt!,  called  chloratee,  (forsierly  hafperoxymuriaiea) 
with  alkaline  bases.  It  possesses  no  bleaching  properties,  a  circum- 
stance by  which  it  is  distinguished  from  chlorine.  It  gives  no  pre- 
cipitate in  solution  of  nitrate  of  silver,  and  hence  cannot  be  njistaken 
for  muriatic  acid.  Its  solution  maybe  concentrated  by  gentle  heat, 
till  it  acquires  an  oily  consistence,  without  decomposition ;  but  at  a 
higher  temperature,  the  acid  in  part  is  volatilized  unchanged,  while 
another  portion  is  converted  into  chlorine  and  oxygen.  It  is  easily 
decomposed  by  deoxidizing  agents.  Sulphurous  acid,  for  instance, 
deprives  it  of  oxygen,  with  formation  of  sulphuric  acid  and  evolution 
of  chlorine.  By  the  action  of  sulphuretted  hydrogen,  water  is  gener- 
ated, while  sulphur  and  chlorine  are  set  free.  The  power  of  muriatic' 
acid  in  effecting  its  decomposition  has  already  been  explained. 

Chloric  acid  is  readily  known  by  forming  a  salt  with  potassa,  which 
crystallizes  in  tables  and  has  a  pearly  lustre,  which  deflagrates  like 
nitre  when  flung  on  burning  charcoal,  and  yields  peroxide  of  chlorine 
by  the  action  of  concentrated  sulphuric  acid.  Chlorate  of  potassa, 
like  most  of  the  chlorates,  gives  off  pure  oxygen  when  heated  to  red- 
ness, and  leaves  a  residue  of  the  chloride  of  potassium..  This  was  (be 
mode  by  which  Gay-Lussac  ascertained  the  composition  of  chloric 
acid,  as  stated  in  the  table.     (Annates  de  Cbimie,  vol.  xci.) 

Perchloric  acid — The  saline  matter  which  remains  ip  the  retort 
after  forming  the  peroxide  of  chlorine,  is  a  mixture  of  perchlorate  and 
bisulphate  of  potassa;  and  by  washing  it  with  cold  water,  the  bisul- 

Chate  is  dissolved,  and, the  perchloratb  is  left.  Perchloric  acid  may 
0  prepared  from  this  salt  by  mixing  it  in  a  retort  with  half  its  weight 
of  sulphuric  acid*  diluted  with  one-third  of  water,  and  applying  heat 
to  the  mixture.  At  the  temperature  of  about  284°  F.  white  vapours 
rise,  which  condense  as  a  colourless  liquid  in  the  receiver.  This  is  a 
solution  of  perchloric  acid. 

The  properties  of  perchloric  acid  have  hitherto  been  little  examined. 
Count  Stadion*,  its  discoverer,  found  it  to  be  a  compound  of  one 
equivalent  or  36  parts  of  chlorine,  to. 56  or  seven  equivalents  of  oxy- 
gen;  and  his  analysis  has  been  confirmed  by  Gay-Lussacf. 

Chloride  of  Nitrogen. 

The  mutual  affinity  of  chlorine  and  nitrogen  is  very  slight :  they  do 
not  combine  at  all  if  presented  to  each  other  in  their  gaseous  form ; 
and  when  combined,  they  are  easily  separated.  The  chloride  of  ni- 
trogen is  formed  by  the  action-of  chlorine  on  some  salt  of  ammonia. 
Its  formation  is  owing  to  the  decomposition  of  ammonia  (a  compound 
of  hydrogen  and  nitrogen)  by  chlorine.  The  hydrogen  of  the  ammo- 
nia unites  with  chlorine,  and  forms  muriatic  acid ;  while  the  nitrogen 
of  the  ammonia,  being  presented  in  its  nascent  state  to  chlorine,  dis- 
solved in  the  solution,  enters  into  combination  with  it. 

A  convenient  method  of  preparing  chloride  of  nitrogen  is  the  follow- 
ing. An  ounce  of  muriate  of  ammonia  is  dissolved  in  twelve  or  sixteen 
dunces  of  hot  water;. and  when  the  solution  has  cooled  to  the  tem- 
perature of  90"  F.  a  glass  bottle,  with  a  wide  mouth,  iuU  of  chlorine. 


*  Annales  de  jQb.  et  de  P^ismiue,  voL/itiii.  t  Ibid,  vol  ix. 
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it  inverted  in  it.  The  eeliitiep  p^oelly  i^eorbe  the  eliiorine,  and 
aei9air«8  a  yaUovr  colour;  and  m  about  twenty  mioutet  or  half  an 
hpjir,  mioute  gtobulee  of  a  yeUow  fluid  em  seen  floating  filce  oil  upon 
iU  surface,  wUeli^  after  acquiring  the  size  of  a  small  pea,  sink  to  the 
hojttom  of  the  Uquid.  The  diope  ef  chloride  of  nitrogen,  as  they 
descend,  sliould  be  collected  in  a  small  saucer  of  lead,  phiced  for  that 
porpose  under  (he  mouth  of  the  bottle. 

The  chloride  of  nitrogen,  discovered  in  1811  by  M.  Dulong,  (An. 
do  Chisfue,  leel.  Izxxvi.)  ie  one  of  the  most  explosive  compounds  yet 
known,  having  been  the  eauae  of  serious  accidents  both  to  its  dis* 
coverer  and  to  £^ir  H.  Davy*,  its  specific  gnvity  is  1.668.  It  does 
not  congeal  by  the  intense  cold  produced  by  a  mixture  of  snoir  and 
salt,  it  may  be  distilled  at  160°  F.,  but  at  a  temperature  between  206* 
and  212°  it  explodes.  It  appears  from  the  investigation  of  Messia 
Porrett,  Wilson,  and  Kiikf,  that  mere  contact  with  some  substances 
of  a  combualible  nature  cause  detonation  even  at  common  temporal 
tures.  This  property  belongs  particularly  to  the  oBs,  both  volatile  and 
fixed*  I  have  never  Icnown  olive  oil  fail  in  producing  the  eiTect. 
The  products  of  theexpLoaien  are  chloriBe  jand  nitrogen. 

Sir  H.  Davy  analyzed  the  chtonde  of  nitrogen  by  means  of  mereu- 
ry,  which  unites  wHh  chtoiine,  and  liberates  the  nitrogen.  He  in- 
ierred  from  his  analysis  that  its  elemenu  are  united  in  the  proportion 
of  four  measures  of  chlorine  to  one  of  nitrogen ;  and  it  hence  fellows 
that,  hy  weight,  it  consists  of 

Gfalorioe  •  144        .         or  four  proportions. 

Niliogen  •    '         14        •         or  one  proportion}. 

Compounds  of  Chlorine  and  Carbon. — Perchloride 
of  Carbon. 

For  the  knowledge  of  the  compounds  of  chlorine  and  carbon,  che- 
naats  are  indebted  to  the  ingenuity  of  Mr  Faraday.  When  olefiant  gas 
(a  compound  of  carbon  and  hydrogen)  is  mixed  with  chlorine,  combi- 
nation takes  place  between  them,  and  an  oily-like  liquid  is  generated, 
which  consists  of  chlorine,  carbon,  and  hydrogen.  On  exposing  this 
liquid  in  a  vessel  full  of  chlorine  gas  to  the  direct  solar  rays,  the  chlo- 
rine acts  upon  and  deeomposes  the  liquid,  muriatic  acid  is  set  free, 
and  the  carbon,  at  the  moment  of  separation,  unites  with  chlorine^. 

The  pere?Uoride  of  earbon,  as  this  compound  is  named  by  Mr 
Faraday,  is  solid  at  common  temperatures,  has  an  aromatic  odour  ap- 
proaching to  'fliat  of  camphor,  is  a  non-conductor  of  electricity,  aiid 
refracts  light  very  powerfully.  Its  specific  gravity  is  exactly  double 
that  of  water.  It  fuses  at  820°  F.  and  after  fusion  it  is  colourless  and 
veiy  transparent.    It  boils  at  860°,  and  may  be  distilled  without 


*  Philosophical  Transactions,  1818. 

t  Niclidson's  Journal,  vol.  xxxiv. 

X  Berzefios  states  ttie  composition  of  this  compound  to  be  three 
volumes  of  chlorine  to  one  of  nitrogen,  eorresponding  to  fliree  equi- 
valents of  the  former  to  one  of  the  latter.  These  proportions,  if 
found  to  be  eonrect,  will  fender  the  chloride  and  iodide  of  nitrogen, 
•analogous  in  composition.'  B. 

§  Tlie  reader  will  find  the  detaite  of  this  prooess  in  the  lHiiIesophi>- 
cal  Transactions  for  1821,  or  in  the  eecond  volume,  N.S.  of  the  Annals 
of  Philosophy. 
S 
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cbtnge,  tMomiDg  a  ciystelline  arraDgemeBt  as  it  condentef.  It  if 
spariogly  soluble  io  water,  but  dissolves  in  alcohol  and  ether,  espe-* 
dally  by  the'  aid  of  heat.    It  is  soluble  also  in  fixed  and  volatile  oils. 

The  perchloride  of  carbon  bums  with  a  red  light  when  held  in  the 
flame  of  a  spirit-lamp,  giving  out  acid  vapours  and  smoke ;  but  the 
combustion  ceases  as  soon  as  it  is  withdrawn.  It  bums  vividly  in 
oxygen  gas.  Alkalies  do  not  act  upon  it ;  nor  is  it  changed  by  thii 
stronger  acids,  such  as  the  muriatic,  nitric,  or  sulphuric  acids,  even 
with  the  aid  of  heat.  When  its  vapour  is  mixed  with  hydrogen,  and 
passed  through  a  red-hot  tube,  charcoal  is  separated,  and  muriatic  add 
gas  evolved*.  On  passing  its  vapour  over  the  peroxides  of  metals, 
such  as  those  of  mercury  and  copper,  heated  to  redness,  a  chloride  of 
the  metal  and  carbonic  acid  are  generated.  Protoxides,  under  the 
same  treatment,  yield  carbonic  oxide  gas  and  a  metallic  chloride. 
Most  of  the  metals  decompose  it  also  at  the  temperature  of  Ignition, 
uniting  with  the  chlorine,  and  causing  deposition  of  charcoal. 

From  the  proportions  of  chlorine  and  olefiant  gas  employed  in  form- 
ing the  perchloride  of  carbon,  and  from  its  analysis,  made  by  passing  it 
over  peroxide  of  copper  at  the  temperature  of  ignition,  Mr  Faraday 
infers  that  this  compound  consists  of 

Chlorine         .        108  or  three  proportionals. 

Carbon  .  12        •        or  two  proportionals. 

Protoehloride  of  carbon, — When  the  vapour  of  the  perchloride  of 
carbon  is  passed  through  a  red-hot  glass  or  porcelain  tube,  containing 
fragments  of  rock  crystal  to  increase  the  extent  of  heated  surface, 
partial  decomposition  takes  place ;  chlorine  gas  escapes,  and  a  fluid 
passes  over  which  Mr  Faraday  calls  the  protoehloride  of  earbon. 

The  protoehloride  of  carbon  is  a  limpid  colouriess  fluid,  which  does 
not  congeal  at  zero  of  Fahrenheit,  and  at  160**  or  170°  F.  is  converted 
into  vapour.  It  may  l^e  distilled  repeatedly  without  change ;  but 
when  exposed  to  a  red  beat,  some  of  it  is  resolved  into  its  elements. 
Its  specific  gravity  is  1.5526.  In  its  chemical  relations  it  is  veiy 
analogous  to  the  perchloride  of  carbon*  Mr  Faraday  analyzed  it  by 
transmitting  its  vapour  over  ignited  peroxide  of  copper,  and  infers 
from  the  products  of  its  decomposition— -carbonic  acid  and  chloride  of 
copper—that  it  is  composed  of 

Chlorine  .  36        .        or  one  proportional. 

Carbon  .  6        .        or  one  proportional. 

A  third  compound  of  chlorine  and  carbon  is  described  in  the  first 
Toluroe,  New  Series,  of  the  Annals  of  Philosophy.  It  was  brousht 
from  Sweden  by  M.  Julin,  and  is  said  to  have  been  formed  during 
the  distillation  of  nitric  acid  from  crude  nitre,  and  sulphate  of  iron.  It 
occurs  in  small,  soft,  adhesive  fibres  of  a  white  colour,  which  have  a 
peculiar  odour,  somewhat  resembling  spermaceti.  It  fuses  on  the 
application  of  heat,  and  boils  at  a  temperature  between  360^  and  460^ 

*  As  the  text  originally  stood,  it  read  as  follows : — **  Alkalies  do 
not  act  upon  it ;  nor  Is  it  changed  by  the  stronger  acids,  such  as  the 
muriatic,  nitric,  or  sulphuric  acids,  even  with  the  aid  of  heat ;  char- 
coal is  separated,  and  muriatic  acid  gas  evolved."  There  is  evidently 
some  omission  here,  as  the  last  clause  of  the  sentence  does  not  make 
sense  with  what  precedes  it.  The  words  which  have  been  supplied 
are  evidently  necessary  to  complete  the  sense ;  but  before  I  felt  satis- 
fiied  to  insert  them,  I  consulted  the  original  paper  of  Mr  Faraday  in 
the  Philosophical  Transactions,  and  find  that  it  clearly  justifies  the 
addition  which  I  have  made.    B. 
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F.  At  260*  F.  it  tabUmes  slowly)  »ndeondeDte8  again  in  the  form  of 
long  needles.  It  is  insoluble  in  water,  acids,  and  aSkalies ;  but  is  dis- 
solved by  hot  oil  of  turpentine  or  by  alcohol,  and  forms  acicular  crys- 
tals as  the  solution  ceols.  It  bums  with  a  red  flame,  emitting  much 
smoke,  and  fumes  of  muriatic  acid  gas. 

The  nature  of.this  substance  is  shown  by  the  following  circomstan- 
ees.  When  its  vapour  is  exposed  to  a  red  heat,  evolution  of  chlorine 
gas  ensues,  and  charcoal  is  deposited.  A  similar  deposition  of  char- 
coal is  produced  by  heating  it  with  phosphorus,  iron,  or  tin,  and  a 
chloride  is  formed  at  the  same  time.  Potassium  bums  vividly  in  its 
vapour,  with  formation  of  chloride  of  potassium,  and  separation  of 
charcoal.  On  detonating  a  mixture  of  its  vapour  with  oxygen  gas 
over  mercury,  a  chloride  of  that  metal  and  carbonic  acid  are  gene- 
rated. From  these  facts,  the  greater  part  of  which  were  ascertained 
by  Biessrs  Phillips  and  Faraday*,  it  follows  that  the  substance  brought 
from  Sweden  by  M.  Jolin  is  a  compound  of  chlorine  and  carbon ;  and 
the  same  able  chemists  conclude  from  their  analysis  that  its  elements 
are  united  in  the  proportion  of 

Chlorine  .  86,  or  one  equivalent. 

Carbon  .  12,  or  two  equivalents. 

Chloride  of  Sulphur. 

The  Chloride  of  Sulphur  was  discovered  in  the  year  1804  by  Dr 
Thomsonf,  and  was  afterwards  examined  by  Berthollet}.  It  is  most 
conveniently  prepared  by  passing  a  current  df  chlorine  gas  over 
flowers  of  sulphur  gently  heated.  Direct  combination  takes  place, 
and  the  product  is  obtained  under  the  form  of  a  liquid  which  appears 
red  by  reflected,  and  yellowish-green  by  transmitted  light.  Its  den- 
sity is  1.6.  It  is  volatile  below  200**  F.  and  condenses  again  without 
change  in  cooling.  When  exposed  to  the  air  it  emits  acrid  fumes, 
which  irritate  the  eyes  powerfully,  and  have  an  odour  somewhat  re- 
sembling sea- weed,  but  much  stronger.  Dry  litmus  paper  is  not  red- 
dened by  it,  nor  does  it  unite  with  alkalies.  It  acts  with  energy  on 
water; — mutual  decomposition  ensues,  the  water  becomes  cloudy 
from  deposition  of  sulphur,  and  a  solution  is  obtained,  in  which  muri- 
atic, sulphurous,  and  sulphuric  acids,  may  be  detected.  Similar  phe- 
nomena ensue  when  it  is  mixed  with  alcohol  or  ether. 

Sir  H.Davy  concludes  from  his  experiments,  (Elements,  p.  280,) 
that  the  chloride  of  sulphur  is  composed  of  30  parts  of  sulphur,  and 
68.4  of  chlorine.  This  proportion  leaves  little  doubt  of  its  being  a 
compound  of  86  or  one  equivalent  of  chlorine,  and  16  or  one  equiva- 
lent of  sulphur. 

Compounds  of  Chlorine  and  Phosphorus. 

There  are  two  deBnite  couipouads  of  chlorine  and  phosphorus,  the 
nature  of  which  was  first  satisfactorily  explained  by  Sir  H.  Davy, 
(Elements,  p.  290.)  When  phosphorus  is  introduced  into  a  jar  of  dry 
chlorine,  it  inflames,  and  a  white  matter  collects  on  the  inside  of  the 
vessel,  which  is  the  perchloride  of  phoiphorui.  It  is  very  volatile, 
a  temperature  much  below  212°  F.  being  sufficient  to  convert  It  into 

*  Annals  of  Philosophy,  second  vol.  N.  S.  p.  150. 
t  Nicholson's  Journal,  vol.  vi. 
X  Memoires  d'Arcueil,  vol.  i. 
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vapo«r.  Under  preMon  H  my  be  fined,  tad  yields  tian^rent  pritf* 
jBAtie  eiystals  in  cooling* 

Water  and  perchloride  of  plMjepberua  mutoaNy  decotopete  eeeil 
dtber ;  and  the  aole  prodocta  are  nrariaiie  and  plioipborie  acids.  New  ill 
order  that  these  products  should  be  formed,  censislently  with  the  con* 
stitutioD  of  phosphoric  aeld»  as  stated  at  page  1^,  &e  pertihioride 
must  consist  of  16.71  parts  or  one  equivalent  of  phosphorus,  and  99 
parts  or  two  equivalents  and  a  half  of  ehftoriae.  One  equivalent  of  tlM 
choride  and  two  and  a  half  of  water,  will  then  mntttally  decompose 
each  other  without  any  element  being  in  eicess,  and  vieid  one 
equivalent  of  phosphoric  and  two  and  a  half  equivalents  of  muriatttf 
acid.  This  proportion  is  not  far  Ivoai  the  truth ;  for  Sh:  H.  Davy 
states,  that  in  the  perchloride  one  grain  of  phosphorus  i*  united  vrith 
six  of  chlorine. 

Tiie  protoehioride  of  photphmma  may  be  made  either  by  heating 
the  perchloride  with  phosphorus,  or  by  passing  the  vapour  of  phos« 
phorus  over  corrosive  sublimate  contained  in  a  glass  tube.  It  is  a  clear 
liquid  like  water,  of  specific  gravity  1.45;  emits  add  fumes  when  ex« 
posed  to  the  air,  owing  to  the  decomposition  of  watery  vapour ;  but 
when  pure  it  does  not  redden  dry  litmus  paper.  On  mixing  it  with 
water,  mutual  decomposition  ensues,  heat  is  evolved,  and  a  solution 
of  muriatic  aud  phosphorous  acids  is  obtained.  It  hence  appears  to 
consist  of  15.71  parts,  or  one  proportional  of  phosphorus,  and  54  parts, 
or  one  proportional  and  a  half  of  chlorine. 

Chlorocarbonic  Add  Gas. 

This  compound  was  discovered  in  1812  by  Dr  John  Davy,  who 
described  it  in  the  Philosophical  Transactions  for  that  year,  under  the 
name  of  phosgene  gas*.  It  is  made  by  exposing  a  mixture  of  eaual 
measures  of  dry  chloriae  and  carbonic  otide  gases  to  sunshine,  when 
rapid  but  silent  combination  ensues,  and  they  contract  to  one-half  their 
volume.  Diffused  day-light  also  effects  their  union  slowly;  but  they 
do  not  combine  at  all  when  the  mixture  is  wholly  excluded  from 
light. 

Ckloroearbonie  aeid  gas  is  colourless,  has  a  strong  odour,  and 
reddens  dry  litmus  paper.  It  combines  with  four  times  its  volume  of 
ammooiacal  gas,  forming  a  white  solid  salt ;  so  that  it  possesses  the 
characteristic  property  of  acids.  It  is  decomposed  by  contact  with 
water.  One  equivalent  of  each  compound  undergoes  decomposition  ; 
and  as  the  hydrogen  of  the  water  unites  with  choloriae,  and  its  oxy- 
gen with  carbonic  oxide,  the  products  are  carbonic  and  muriatic  acids. 
When  tin  is  heated  in  chlorocarbonic  acid  gas,  the  chloride  of  tin  is 
generated,  and  carbonic  oxide  gas  set  free,  which  occupies  exactly 
the  same  space  as  the  chlorocarbonic  acid  which  was  employed.  A 
similar  change  occurs  when  it  is  heated  in  contact  with  antimony, 
zinc,  or  arsenic. 

As  chlorocarbonic  acid  gas  contains  its  own  volume  of  both  Its 
constituents,  it  follows  that  100  cubic  inches  of  that  gas,  at  the  stand- 
ard temperature  and  pressure  must  weigh  105.9  grains ;  namely,  76.25 
of  chlorine  added  to  29.65  of  carbonic  oxide.  Its  specific  gravity  is 
therefore  3.4721 ;  and  it  consists  of 

Chlorine  36        or  one  proportion. 

Carbonic  oxide  14        or  one  proportion. 

*  From  ^mi  light  and  y%f^dL9t  I  produce* 
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Chloride  of  Boron. 

Sk  H.  Davy  noticed  that  recently  prepared  boron  takes  fire  spon- 
taneously in  an  atmosphere  of  chlorine,  and  emits  a  vivid  light ;  but 
he  did  not  examine  the  product.  Berzelius  remarked,  that  if  the 
bNoron  has  been  previously  heated,  whereby  it  is  'rendered  more  com* 
pact,  the  combustion  does  not  take  place  till  heat  is  applied.  This 
observation  led  him  to  expose  -boron,  thus  rendered  dense,  in  a  glass 
tube  to  a  current  of  dry  chlorine^  and  to  heat  it  gently,  so  as  to  com- 
mence the  combustion  as  soon  as  the  atmospheric  air  was  completely 
expelled.  The  resulting  compound  proved  to  be  a  colourless  gas, 
and,  on  cpUecting  it  over  mercury,  which  absorbed  free  chlorine,  he 
procured  the  chloride  of  boron  in  a  state  of  purity.  This  gas  is  rapidly 
absorbed  by  water,  and  double  decomposition  takes  place  at  the  same 
instant,  giving  rise  to  the  production  of  muriatic  and  boracic  acids. 
The  watery  vapour  of  the  atmosphere  occasions  a  similar  change,  so 
thAt  when  the  gas  is  mixed  with  air  containing  hygrometric  moisture, 
a  dense  white  cloud  is  produced.  The  specific  gravity  of  the  gas,  ac- 
cording to  Dumas,  is  8.942.  It  is  soluble  in  alcohol,  and  communi- 
cates to  it  an  ethereal  odour,  apparently  by  the  action  of  muriatic  acid. 
It  unites  with  ammoniacal  gas,  forming  a  fluid  volatile  substance,  the 
nature  of  which  is  unknown.>-( Annals  of  Phil.  xxvi.  129.) 

M.  Dumas  finds,  that  chloride  of  boron  may  be  generated  by  the 
action  of  dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid,  heat- 
ed to  redness  in  a  porcelain  tube.  M.  Despretz  also  appears  to  have 
invented  a  similar  process. — (Philos.  Magazine  and  Annals,  i.  469) 

The  composition  of  the  chloride  of  boron  may  be  inferred  from  its 
action  on  water.  If  the  constitution  of  boracic  acid,  as  ascertained 
by  Dr  Thomson,  is  correct,  (page  191)  the  chloride  of  boron  should 
consist  of  72  parts  or  two  equivalenta  of  chlorine,  and  8  parts  or  o6e 
equivalent  of  boron ;  for  one  equivalent  of  such  a  compound,  with  two 
of  water,  will  yield  one  of  boracic  and  two  equivalents  of  muriatic 
acid. 

On  the  Nature  of  Chlorine. 

The  change  of  opinion  which  has  gradually  taken  place  among 
chemists  concerning  the  nature  of  chlorine,  is  a  remarkable  fact  in  the 
history  of  the  science.  The  hypothesis  of  BerthoUet,  unfounded  as  it 
is,  prevailed  at  one  time  universally.  It  explained  phenomena  so 
satisfactorily,  and  in  a  manner  so  consistent  with  the  received  chem- 
ical doctrine,  that  for  some  years  no  one  thought  of  calling  its  correct- 
ness into  question.  A  singular  reverse,  however,  has  taken  place. 
Though  this  view  has  not  hitherto  been  rigidly  demonstrated  to  be  er- 
roneous, it  has  within  a  short  period  Iteen  generally  abandoned,  even 
by  persons  who,  from  havine  adopted  it  in  eariy  life,  were  prejudiced 
in  its  favour,  llie  reason  ofthis  will  readily  appear  on  comparing  the 
two  theories,  and  examining  the  evidence  in  favour  of  each. 

Chlorine,  according  to  the  new  theory,  is  maintained  to  be  a  simple 
body,  because,  like  oxygen,  hydrogen,  and  other  analogous  substances, 
it  cannot  be  resolved  into  more  simple  parts.  It  does  not  indeed 
follow  that  a  body  is  simple,  because  it  has  not  hitherto  been  decom- 
posed ;  but  as  chemists  have  no  other  mode  of  estimating  the  ele- 
mentary nature  of  bodies,  they  must  necessarily  adopt  this  one,  or 
have  none  at  all.  Muriatic  acid,  by  the  same  rule,  is  considered  to 
be  a  compound  of  chlorine  and  hydrogen.  For  when  it  is  exposed  to 
S  2 
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ttie  aseoey  of  galyamBm,  it  is  resoWed  iDto  these  substances;  and  br 
miziog  the  two  gases  in  due  proportion,  and  passing  an  electric  spark 
through  the  mixture,  muriatic  acid  gas  is  tlie  product.  Chemists  have 
no  other  kind  of  proof  of  the  oomposilion  of  water,  of  potassa,  or  of 
any  other  compound. 

Very  different  is  the  evidence  in  support  of  the  theory  of  Berthol- 
let.  Acccordiog  to  that  yiew«  muriatic  acid  gas  is  composed  of  ab» 
tolute  muriatic  acid,  and  water  or  its  elements ;  chlorine  consists  of 
absolute  muriatic  acid  and  oxygen ;  and  abBohUe  muriatic  aM  is  a 
compound  of  a  certain  unknown  base  and  okygen  gas.  Now  all  these 
propositions  are  gratuitous.  For,  in  the  first  plaoe,  muriatic  acid  m 
has  nQtt>een  proved  to  contain  water.  Secondly,  the  ^assertion  that 
chlorine  contains  oxygen  is  opposed  to  direct  experiment,  the  most 
powerful  deoxidizing  agents  having  been  unable  to  deprive  that  gas 
of  a  particle  of  oxygen.  Thirdly,  Uie  existence  of  such  a  substance 
as  absolute  muriatic  acid  is  whoUy  without  proof,  and  therefore  its 
supposed  base  is  also  imaginary. 

But  this  is  not  the  only  weak  point  of  the  doctrine.  Since  chio* 
rine  is  admitted  by  this  theory  to  contain  oxygen,  it  was  necessary  to 
explain  how  it  happens  that  no  oxygen  can  be  separated  from  it. 
Thus,  on  exposing  chlorine  to  a  powerful  galvanic  battery,  oxygen  gas 
does  not  appear  at  the  positive  pole,  as  occurs  when  other  oxidized 
bodies  are  subjected  to  its  action ;  nor  ia  carbonic  acid  or  carbonic;  ox* 
ide  evolved,  when  chlorine  is  conducted  over  ignited  charcoal.  To 
account  for  the  oxygen  not  appearing  under  these  circumstances,  it 
was  assumed  that  absolute  muriatic  acid  is  unable  to  exist  in  an  un- 
combined  state,  and  therefore  cannot  be  separated  from  one  substance 
except  by  uniting  with  another.  This  supposition  was  thought  to  be 
supported  by  the  analogy  of  certain  compounds,  such  as  nitric  and 
oxalic  acids,  which  appear  to  be  incapable  of  existing  except  when 
combined  with  water  or  some  other  substance.  The  analogy,  how- 
ever, is  incomplete ;  for  the  decomposition  of  such  compounds,  when 
an  attempt  is  made  to  procure  them  in  an  insulated  state,  is  manifest- 
ly owing  to  the  tendency  of  their  elements  to  enter  into  new  combi- 
nations. 

Admitting  the  various  assumptions  which  have  been  stated,  most  of 
the  phenomena  receive  as  consistent  an  explanation  by  the  old  as  by . 
the  new  theory.  Thus,  when  muriatic  acid  gas  is  resolved  by  galvan- 
ism into  chlorine  and  hydrogen,  it  may  be  supposed  that  the  absolute 
muriatic  add  attaches  itself  to  the  oxygen  of  the  water,  and  forms 
.  chlorine,  while  the  hydrogen  of  the  water  is  attracted  to  the  opposite 
pole  of  the  battery.  When  chlorine  and  hydrogen  enter  into  combi- 
nation, the  oxygen  of  the  former  may  be  said  to  unite  with  the  latter, 
and  that  muriatic  acid  gas  is  generated  by  the  water  so  formed  com- 
bining with  the  absolute  muriatic  acid  of  the  chlorine.  The  evolu- 
tion of  chlorine,  which  ensues  ya  mixing  muriatic  acid  and  peroxide 
of  manganese,  is  explained  on  the  supposition  that  absolute  muriatic 
acuf  unites  directly  with  the  oxygen  of  the  black  oxide  of  manganese. 

It  will  not  be  difficult  after  these  observations  to  account  for  the  - 
preference  shown  to  the  new  theory.  In  an  exact  science,  such  as 
chemistry,  every  step  of  which  is  required  to  be  matter  of  demonstra- 
tion, there  is  no  room  to  hesitate  between  two  modes  of  reasoning, 
one  of  which  is  hypothetical,  and  the  other  founded  on  expenment. 
"Sot  is  there,  in  the  present  instance,  temptation  to  deviate  from  the 
strict  logic  of  the  science ;  for  there  is  not  a  single  phenomenon  which 
may  not  be  fully  explained  on  the  new  theory,  in  a  manner  quite  con- 
sistent with  the  laws  of  chemical  action  in  general.   It  was  siippoeed». 
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iadeed,  at  one  tiin*,  that  tb«  iaddMi  deeamporiiian  of  water,  ocea* 
sioaed  by  the  actiQn  of  that  liquid  on  the  coaolpouiida  of  chlorioe  with 
some  simple  aubstaooea,  conatitutea  a  real  objection  to  the  doctrine  ; 
but  it  will  afterwArda  appear,  that  the  acquUition  of  new  facta  haa  de* 
prived  this  argument  of  all  ita  force.  While  nothing  therefore  cao 
be  gained,  much  may  be  loat  by  adopting  the  doctrine  of  Berthc^et. 
If  chlorine  ia  regarded  as  a  compound  body,  the  same  opinion,  though 
in  direct  opposition  to  the  result  of  observation,  onght  to  be  extended 
to  iodine  and  bromine ;  and  as  other  analogooa  auMtaoces  may  here* 
after  be  discovered,  in  regard  to  which  a  aimilar  hypothesis  will  apply, 
U.is  obvious  that  this  view,  if  proper  in  one  caae,  mwy  legitimately  be 
extended  to  others.  One  encroachment  on  the  method  of  alrict  in* 
duction  would  conaequeotly  open  the  way  to  another,  and  thoa  the 
geniua  of  tbeiscience  would  eventually  be  destroyed. 

An  able  attempt  waa  made  some  years  ago  by  the  late  Dr  Murray, 
to  demonstrate  the  presence  of  water  or  its  elements  aa  a  constituent 
part  of  muriatic  acid  gas,  and  thus  to  establish  the  old  theory.to  the 
subversion  of  the  new.  Into  this  discussion,  however,  I  shall  not  en* 
ter  here,  as  it  would  lead  into  details  too  minute  for  an  elementary 
treatise.  I  may  only  observe,  in  referring  the  reader  to  the  original 
papers  on  the  subject*,  that  Dr  Murray  did  not  succeed  in  establiMiing 
bis  point ;  and  that  his  arguments,  though  exceedingly  plausible  and  in- 
genious, were  fully  answered  by  Sir  Humphry  and  Dr  John  Davy.  I 
must  also  state,  that  the  history  of  the  only  experiment  which  strictly 
bears  upon  the  question, — that,  namely,  in  which  muriatic  acid  and 
ammoniacal  gases  were  mixed  together,  amounts  very  nearly  to  a  de» 
monstration  of  the  absence  of  combined  water  in  muriatic  acid  gas. 
The  traces  of  humidity,  which  were  observed,  may  easily  be  account* 
ed  for  by  the  difficulty  of  rendering  gasea  absolutely  dry,  which  have 
themselves  a  strong  affinity  for  moisture ;  whereas  the  absence  of  so 
large  a  quantity  of  water,  as  ought,  according  to  Dr  Murray's  argu* 
ment,  to  be  present  in  muriatic  acid  gas,  does  not  admit  of  a  satisfac- 
tory explanation,  except  by  supposing  that  gas  to  be  anhydrous. 


SECTION  XII. 

lODIJyE. 

Iodine  was  discovered  in  the  year  1812  by  M.  Courtois,  a  manufac- 
turer of  saltpetre  at  Paris.  In  preparing  carbonate  of  soda  from  the 
ashes  of  sea- weeds,  he  observed  that  the  residual  liquor  corroded  me- 
tallic vess^  powerfully ;  and  in  investigating  the  cause  of  the  corro- 
sion, he  noticed  that  sulphuric  acid  threw  down  a  dark  coloured  mat- 
ter, which  was  converted  by  the  application  of  heat  into  a  beautiful 
violet  vapour.  Struck  with  its  appearance,  he  gave  some  of  the  sub- 
stance to  M.  Clement,  who  recognised  it  as  a  new  body,  and  in  1813 
described  some  of  its  leading  properties  in  the  Royal  Institute  of 
France.    Its  real  nature  was  soon  after  determined  by  Gay-Lossac  and 

*  In  Nicholson's  Journal,  vols.  xxxi.  xxxii.  and  xxxiv.  Edinburgh 
PhUoa.  Trans,  vol.  viii.  and  Philos.  Trans,  for  1818. 
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Sir  H.  Dwy,  each  of  wlioiii  prored  that  it  it  a  simple  noD*raetillic 
substaDce,  exceedingly  analogous  to  elilorine*. 

Iodine,  at  common  temperatures,  is  a  soft  friable  opake  solid,  of  a 
bluish- black  colour,  and  metallic  lustre.  It  occurs  usually  in  crystal- 
line scales,  having  the  appearance  of  micaceous  iron-ore ;  but  it  some- 
times crystallizes  in  large  rhomboidal  plates,  the  primitive  form  of 
which  is  an  octahedron.  Its  specific  gravity,  according  to  Gay-Lus- 
sac,  is  4.948 ;  but  Dr  Thomson  found  it  only  3.0844.  At  2^«  F.  it  is 
fused,  and  enters  into  ebullition  at  847**;  but  when  moisture  is  pre^^ 
sent,  it  is  sublimed  rapidly  even  below  the  degree  of  boiling  water, 
and  suffers  a  gradual  dissipation  at  low  temperatures.  Its  vapour  is 
of  an  exceedingly  rich  violet  colour,  a  character  to  which  It  owes  the 
name  of  Iodine\.  This  vapour  is  remarkably  dense,  Its  specific  gra- 
vity, as  calculated  by  the  formula  of  page  129,  being  8.6102 ;  or  8.716 
as  directly  observed  by  M.  Dumas.  Hence  100  cubic  inches,  at  the 
standard  temperature  and  pressure,  must  weigh  262.612  grains.  Dr 
Thomson  infers,  partly  from  the  experiments  of  Gay-Lussac,  and 
partly  from  his  own  researches,  that  the  atomic  weight  of  iodine  is  124. 

Iodine  is  a  non-conductor  of  electricity,  and,  like  oxygen  and  chlo- 
rine, is  a  negative  electric.  It  has  a  very  acrid  taste,  and  its  odour  is 
almost  exactly  similar  to  that  of  chlorine,  when  much  diluted  with 
air.  It  acts  energetically  on  the  animal  system  as  an  irritant  poison, 
but  is  employed  with  advantage  in  medicine  in  very  small  doses. 

Iodine  is  very  sparingly  soluble  in  water,  requiring  about  7000  tiroes 
its  weight  of  that  liquid  for  solution.  It  communicates,  however,  even 
in  this  minute  quantity,  a  brown  tint  to  the  menstruum.  Alcohol  and 
ether  dissolve  it  freely,  and  the  solution  has  a  deep  reddish-brown 
colour. 

Iodine  possesses  an  extensive  range  of  affinity.  It  destroys  vege- 
table colours,  though  in  a  much  less  degree  than  chlorine.  It  mani- 
fests little  disposition  to  combine  with  metallic  oxides;  but  it  has  a 
strong  attraction  for  the  pure  metals,  and  for  most  of  the  simple  non- 
metallic  substances,  producing  compounds  which  are  termed  lodidea 
or  lodurets.  It  is  not  inflammable ;  but  under  fovourable  circum- 
stances may,  like  chlorine,  be  made  to  unite  with  oxygen.  A  solu- 
tion of  the  pure  alkalies  acts  upon  it  in  the  same  manner  as  upon  chlo- 
rine, giving  rise  to  the  decomposition  of  water  and  the  formation  of 
iodic  and  hydriodic  acids. 

Pure  iodine  is  not  influenced  chemically  by^  the  imponderables. 
Exposure  to  the  direct  solar  rays,  or  to  strong  shocks  of  electricity, 
does  not  change  its  nature.  It  may  be  passed  through  red-hot  tubes, 
or  over  intensely  ignited  charcoal,  without  any  appearance  of  decom- 
position ;  nor  is  it  affected  by  the  agency  of  galvanism.  Chemists, 
indeed,  are  unable  to  resolve  it  into  more  simple  parts,  and  conse- 
quently it  is  regarded  as  an  elementary  principle. 

The  violet  hue  of  the  vapour  of  iodine  is  for  many  purposes  a  suffi- 
ciently sure  indication  of  its  presence.  A  far  more  delicate  test,  how- 
ever, was  discovered  by  MM.  Colin  and  Graultier  de  Claubry.  They 
found  that  iodine  has  the  property  of  uniting  with  starch,  and  of  forming 
with  it  a  compound  insoluble  In  cold  water,  which  Is  recognised  with 
certainty  by  its  deep  blue  colour.    This  test,  according  to  Professor 

*  The  original  papers  on  this  subject  are  in  the  Annates  de  Chimie, 
vols.  Ixxxviii.  xc.  and  xci.4  and  in  the  Philos.  Trans,  for  1814  and 
1815. 

t  From  '!«/«(  violacew. 
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Stromeyer,  is  so  delicate,  that  a  liquid  eontaiiiiog  1— 4M,M0  of  ils 
weight  of  iodine,  receives  a  blue  tinge  from  a  solution  of  starchw  Two 
precautions  should  be  observed  to  iasure  suceess.  In  the  first  places 
the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself  only,  aod 
not  its  compounds,  which  unite  with  starch.  Secondly,  the  solation 
riwuld  be  quite  cold  at  the  time  of  adding  th«  stareli ;  fin  boifing  wa- 
ter decomposes  the  blue  compound,  ana*coBse4uently*sefflOTes  ils 
colour. 

lodifie  and  Hydrogen-^Hydriodic  Acid  Gas. 

When  a  mixtyre  of  hydrogen  and  the  vapour  of  Iodine  is  transmitted 
through  a  red-hot  porcelain  tube,  direct  combination  takes  place  be- 
tween them,  and  a  colourless  gas,  possessed  of  acid  properties,  is  the 
product.    To  this  substance  the  term  Hj^riodic  add  gas  is  applied. 

This  gas  may  be  obtained  quite  pure  by  the  action  of  water  on 
iodide  of  phosphorus.  Any  convenient  quantity  Of  moistened  iodine 
is  put  into  a  small  glass  retort,  and  about  one-twelftlfe  of  its  weight  of 
phosphorus  is  then  added.  An  iodide  of  phoephorat  is  formed,  wMcIl 
instantly  reacts  upon  waler«  Mutual  decxHopostlionrensQes ;  the  oxy- 
gen of  the  water  uattes  with  phosphorus,  and  its  hydrogen  with  iodine, 
giving  rise  to  the  formation  of  (^osphoric  aoad  Iqrdriodic  adda*  On 
the  application  of  a  aooderate  heat,  the  latter  paasao  over  im  tho  foiaa 
•f  a  colourless  gas. 

The  hydriodic  acid  gas  has  a  very  sear  taste,  nddtns  vrntaMe  bioA 
colours  without  destroying  them,  produces  dense  white  fumes  wheil 
mixed  with  atmospheric  air,  and  has  an  odour  similar  to  that  of  mori* 
atic  acid  gas.  It  combines  with  alkalies,  forming  salts  which  ace  caJled 
hydriodaies.  Like  muriatic  acid  gas  it  cannot  BerifeMlerteii  over  wa-  * 
tor ;  for  that  liquid  dissolves  it  in  large  quantity. 

Hydriodic  acid  is  decomposed  by  several  sobbtaiices  whid»  fasfve  a 
strong  affinity  for  either  of  its  elements*  Thus  cciygea  gas,  wliea 
heated  with  it,  unites  with  the  hydrogefi,  and  liberatea  the  iodtaw; 
Chlorine  effects  the  decomposition  instantly;  muriatic  aeidgasis-pro<* 
duced,  and  the  iodine  appears  in  the  fonn  of  vapour.  With  the  stroBg 
nitrous  acid  of  tho  Edinburgh  Pharmaeoposia  it  takes  iwe,  and  tlM 
vapour  of  iodine  is  set  free.  It  if  also  decomposed  by  mercury.  The 
decomposition  l>egins  as  soon  as  hydriodic  acid  comes  in  contact  with 
mercury,  and  proceeds  steadily,  and  even  quiekly  if  the  gas  is  agitated, 
till  notbiog  but  hydrogen  remains.  Oay-Lussac  ascertained  by  this 
method  that  100  measures  of  hydriodic  add  gas  eootain  precisely  half 
their  volume  of  hydrogen.  This  residt  induced  him  to  suspect  that  the 
composition  of  hydriodic  must  be  analogous  to  that  of  muriatic  acid 
gas ;  that,  as  100  measures  of  the  latter  contain  50  of  hydrogen  and 
50  of  chlorine,  100  measures  of  the  former  consist  of  50  of  l^drogen 
aAd  50  of  the  vapour  of  iodine.  If  this  view  be  correct,  then  the 
composition  of  hydriodic  add  gas,  by  wdght,  may  be  determined  by 
calculation.    For  since 

Grain»4 
90  cubic  inches  of  the  vapour  of  iodine  weigh  1S1.806 
50        .  .         hydrogen  gas  .  •  1.069 


100  cubic  inches  of  hydriodic  add  gas  must  weigh  132.365 

and  its  specific  gravity  will  be  4^3398.  Now  Gay-Lussac  ascertahaod, 
by  weighing  the  hydriodic  acid  gas,  that  its  density  is  4.443, — a  num- 
ber which  corresponds  so  closely  with  tho  preceding,  as  to  leave  no 
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doubt  tbat  the  principle  of  the  calculation  is  correct.  There  is  good 
leason  to  believe,  indeed,  tbat  (he  calculated  result,  if  not  rigidly  ex- 
act, is  very  near  the  truth ;  for  Gray-Lussac  states,  that  the  number 
determined  by  him  directly  is  too  high.  (Ann.  de  Chimie,  vol.  xci. 
p.  16.) 

Since  iodine  and  hydrogen  unite  in  one  proportion  only,  bydriodie 
aeidis  regarded  as  a  compound  of  one  equivalent  of  each  element, — 
an  opinion  supported  both  by  the  proportions  of  which  iodine  com- 
bines with  other  substances,  and  by  the  analogy  of  muriatic  acid. 
The  constitution  of  hydriodic  acid  may  therefore  be  ttius  stated  : 

By  Volume.        By  Weight 
Iodine  .        60        .        124  or  one  proportional. 

Hydrogen      .        50        .  1  or  one  proportional. 

100  125 

and  its  combhiing  proportion  is  125. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that  liquid  is 
fully  charged  with  it,  a  coiouriess  acid  solution  is  obtained,  which  emits 
white  fumes  on  exposure  to  the  air,  and  has  a  density  of  1.7.  It  may 
be  prepared  also  by  transmitting  a  current  of  sulphuretted'  hydrogen 
gas  through  water  in  which  iodine  in  fine  powder  is  suspended.  The 
iodine,  from  having  greater  affinity  than  sulphur  for  hydrogen,  decom« 
poses  the  sulphuretted  hydrogen ;  and  hence  sulphur  is  set  free,  and 
hydriodic  acid  produced.  As  soon  as  the  iodhie  lias  disappeared,  and 
become  colourless,  it  is  heated  for  a  short  time  to  expel  the  excess  of 
sulpuretted  hydrogen,  and  subsequently  filtered  to  separate  free 
sulphur. 

The  solution  ^tftfaj^iodie  acid  is  readily  decomposed.  Thus,  on  ex- 
posure during  a  few  hours  to  the  afmosphere,  the  oxygen  of  the  air 
forms  water  with  the  hydrogen  of  the  acid,  and  sets  iodine  free.  The 
solution  is  found  to  have  acquired  a  yellow  tint  from  the  presence  of 
uncombined  iodine,  and  a  blue  colour  is  occasioned  by  the  addition  of 
starch.  Nitric  and  sulphuric  acids  likewise  decompose  it  by  yielding 
oxycen,  the  former  being  at  the  same  time  converted  into  nitrous,  and 
the  Tatter  into  sulphurous'  acid.  Chlorine  unites  directly  with  the  hy- 
drogen of  the  hydriodic  acid,  and  muriatic  acid  is  formed.  The  se- 
paration of  iodine  in  all  these  cases  may  be  proved  in  the  way  just 
mentioned.  These  circumstances  afford  a  sure  test  of  the  presence  of 
hydriodic  acid,  whether  free  or  in  combination  with  alkalies.  All  that 
is  necessary,  is  to  mix  a  cold  solution  of  starch  with  the  liquid,  pre- 
viously concentrated  by  evaporation  if  necessary,  and  then  add  a  few 
drops  of  strong  sulphuric  acid.  A  blue  colour  will  make  its  appear- 
ance if  hydriodic  acid  is  present. 

Hydriodic  acid  is  frequently  met  with  in  nature  in  combination  with 
potassa  or  soda.  Under  this  form  it  occurs  in  many  salt  and  other 
mineral  springs.  It  has  been  detected  in  the  water  of  the  Mediter- 
ranean, in  the  oyster,  and  some  other  marine  molluscous  animals,  in 
sponges,  and  in  most  kinds  of  sea-weed.  In  some  of  these  produc- 
tions, such  as  the  Fueui  serratus  and  Fuctu  digitatua,  it  exists  ready 
formed,  and  according  to  Dr  Fyfe  (Edinburgh  Philos.  Journal,  I.  254) 
may  be  separated  by  the  action  of  water ;  but  in  others  it  can  be  de- 
tected only  after  incineration.  The  marine  animals  and  plants  doubt- 
less derive  the  hydriodic  acid  they  contain  from  the  sea.  Vauquelin 
has  found  it  also  in  the  mineral  kingdom,  in  combination  with  silver. 
(Annates  de  Chimie  et.de  Physique,  vol.  xxix.) 

Ail  the  iodine  Qf  commerce  is  procured  from  the  impuro  carbonate 
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of  8oda,  called  kelp,  which  is  prepared  io  large  qoanCi^  on  the 
northern  shores  of  Scotland,  by  incinerating  sea-weeds.  The  kelp  is 
employed  by  soap-makers  for  the  preparation  of  carbonate  of  soda;  and 
the  dark  residual  liquor,  remaining  after  that  salt  has  crystallized,  con- 
tains a  considerable  quantity  of  hydriodic  acid,  combined  with  soda  or 
potassa.  By  adding  a  sufficient  quantity  of  sulphuric  acid,  the  hy- 
driodic acid  is  separated  from  the  alkali,  and  then  decomposed.  The 
iodine  sublimes  when  the  solution  is  boiled,  and  may  be  collected  in 
cool  glass  receivers.  A  more  conveilient  process  is  to  employ  a  moder- 
ate excess  of  sulphuric  acid,  and  then  add  some  of  the  peroxide  of 
manganese  to  the  mixture.  /.The  oxygen  of  the  manganese  decom- 
poses the  hydriodic  acid,  and  protosulphate  of  manganese  is  formed. 
(Dr  Ure's  Paper  in  the  50th  volume  of  the  Philosophical  Magazine.) 

Iodine  and  Oxygen. — Iodic  Acid. 

Iodic  acid  was  discovered  about  the  same  time  by  Gay-Lussac  and 
Sir  H.  Davy  ;  but  the  latter  first  succeeded  in  obtaining  it  in  a  per- 
fectly pure  state.  When  iodine  is  brought  into  contact  with  protoxide 
of  chlorine,  immediate  action  ensues;  the  chlorine  of  the  protoxide 
unites  with  one  portion  of  iodine,  and  its  oxygen  with  another,  form- 
ing two  compounds,  a  volatile  orange-coloured  matter,  the  chloriodic 
acid,  and  a  white  solid  substance,  which  is  iodic  acid.  On  applying 
heat,  the  former  passes  off  in  vapour,  and  the  latter  remains.  (Pbilos. 
Trans,  for  1816.) 

This  compound,  which  was  termed  oxiodine  by  Sir  H.  Davy,  is 
anhydrous  iodic  add.  It  is  a  white  seroitransparent  solid,  which  has 
a  strong  astringent  sour  taste,  but  no  odour.  Its  density  is  consider- 
able, as  it  sinks  rapidly  in  sulphuric  acid.  When  heated  to  the  tempera- 
ture of  about  500°  F.  it  is  fused,  and  at  the  same  time  resolved  into 
oxygen  and  iodine. 

Iodic  acid  deliquesces  in  a  moist  atmosphere,  and  is  very  soluble  in 
water.  The  liquid  acid  thus  formed  reddens  vegetable  blub  colours, 
and  afterwards  destroys  them.  On  evaporating  the  solution,  a  thick 
mass  of  the  consistence  of  paste  is  left,  which  is  hydrous  iodic  acid, 
and  from  which,  by  cautious  application  of  heat,  the  water  may  be  ex- 
pelled. It  acts  powerfully  on  inflammable  substances.  Wiui  char^ 
coal,  sulphur,  sugar  and  similar  combustibles,  it  forms  mixtures  which 
detonate  when  heated.  It  enters  into  combination  with  metallic 
oxides,  and  the  resulting  salts  are  called  iodatea.  These  compounds, 
like  the  chlorates,  yield  pure  oxygen  by  heat,  and  deflagrate  when 
thrown  on  burning  charcoal. 

Iodic  acid  unites  with  several  of  the  acids,  such  as  the  sulphuric, 
nitric,  phosphoric,  and  boracic  acids  ;  and  with  the  three  first  it  forms 
crystalHzable  compounds.  It  is  decomposed  by  sulphurous,  phos- 
phorous, and  hydriodic  acids,  and  by  sulphuretted  hydrogen.  Iodine  in 
each  case  is  set  at  liberty,  and  may  be  detected  as  usual  by  starch. 
Muriatic  and  iodic  acids  decompose  each  other,  water  and  chloriodic 
acid  being  generated. 

Sir  H.  Davy  analyzed  iodic  acid  by  determining  the  quantity  of  oxy- 
gen which  it  evolves  when  decomposed  by  heat.  Gay-Lussac  ef- 
fected the  same  object  by  heating  iodate  of  potassa,  when  pure  oxy- 
gen was  given  off,  and  iodide  of  potassium  remained.  From  the  re- 
sult of  these  analyses,  it  appears  that  iodic  acid  is  a  compound  of  124 
parts,  or  one  equivalent  of  iodine,  and  40  parts  or  five  equivalents  of 
oxygen.  The  sum  of  these  numbers,  or  164,  is  therefore  the  combin- 
ing proportion  of  the  acid. 
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loimu  cad.  This  Dame  was  applied  to  a  compound  prepared  in 
1824  by  Professor  Sementini  of  Naples  by  the  action  of  iodine  on 
chlorate  of  potassa.  (Quarterly  Journal  of  Science,  XVII.  881.) 
Equal  parts  of  the  materials  are  triturated  together  in  a  glass  or  porce- 
lain mortar,  until  they  form  a  yeiy  fine  puT^rulent  yellow  mass,  in 
which  the  metallic  histre  of  the  iodine  is  no  longer  perceptitrte. 
The  miiture  is  then  healed  in  a  glass  retort ;  and  as  soon  as  the 
chlorate  begins  to  lose  oxygen,  iodous  acid  rises  in  the  form  of  a  dense 
white  ▼apour,  and  condenses  in  the  neck  of  the  retort  into  a  yellow 
fiquid,  which  falls  in  drops  into  the  receiver. 

The  liquid  thus  formed  is  of  an  oily  consistence,  and  of  a  peculiarly 
disagreeable  odour,  somewhat  resembling  euchlorine.  It  has  an  acid 
astringent  taste,  and  leaves  a  burning  sensation  on  the  tongue.  It 
reddens  vegetable  blue  colours  permanently,  without  destroying  them. 
With  water  and  alcohol  it  forms  amber^coloured  solutions.  Its  den- 
sity is  greater  than  that  of  water.  It  is  rapidly  volatilized  at  212°  F, 
and  evaporates  slowly  at  common  temperatures.  It  is  decomposed  by 
sulphur,  and  phosphorus  and  potassium  take  fire  as  soon  as  they  come 
in  contact  with  it. 

After  repeating  the  experiments  of  Sementini  and  examining  the 
product,  M.  Wohler  asserts  that  it  does  not  consist  of  iodine  and  oxy- 
gen, but  chlorine  and  iodine.  Part  of  the  chloric  acid,  it  appears  is 
decomposed  ;  but  its  elements,  uniting  with  separate  portions  of  io- 
dine, yield  iodic  acid,  which  remains  in  the  retort  combined  with  po* 
tassa,  and  chloride  of  iodine,  similar  to  that  described  by  Gay-Lussac, 
which  is-soblimed.  (Edin.  Joum.  of  Science,  No.  XII.  862.)  From 
some  other  experiments,  however,  M.  Sementini  has  almost  proved 
the  existence  both  of  iodous  acid  and  an  oxide  of  iodine.  He  states 
(hat  on  bringing  together  the  vapour  of  iodine  and  oxygen  gas  consi- 
derably heated,  the  violet  tint  of  the  former  disappears,  and  a  yellow 
matter  of  the  consistence  of  solid  oil  is  generated.  This  be  regards  as 
the  oxide  of  iodine ;  and  if  the  supply  of  oxygen  is  kept  up  after  its 
formation,  it  is  converted  into  iodous  acid  similar  to  that  above  men- 
tioned From  the  mode  in  which  the  process  is  described,  there  can 
scarcely  be  a  doubt  that  some  compound  of  iodine  and  oxygen  is  thus 
formed ;  but,  at  the  same  time,  the  new  compounds  have  not  been  ex- 
amined analytically,  nor  has  the  chemical  constitution  of  the  substan- 
ces hitherto  prepared  by  M.  Sementini  been  determined  with  that  ac- 
curacy required  for  inspiring  confidence  in  his  results.  (Quarterly 
Journal  of  Science,  N.S.  I.  478. ) 

CUoriodic  Add. 

Chlorine  is  absorbed  at  common  temperatures  by  dry  iodine  with 
evolution  of  caloric,  and  a  solid  compound  of  iodine  and  chlorine  re- 
sults, which  was  discovered  both  by  Sir  H.  Davy  and  Gay-Lussac. 
The  colour  of  the  product  is  orange-yellow  when  the  iodine  is  fully 
saturated  with  chlorine,  but  is  of  a  reddish-orange  if  iodine  is  in  excess. 
It  is  converted  by  heat  into  an  orange-coloured  liquid,  which  yields  a 
vapour  of  the  same  tint  on  increase  of  temperature.  It  deliquesces  in 
the  open  air,  and  dissolves  freely  in  water.  Its  solution  is  colouriess, 
is  veiy  sour  to  the  taste,  and  reddens  vegetable  blue  colours,  but  af- 
terwards destroys  them.  From  its  acid  properties  Sir  H.  Davy  gave 
it  the  name  of  cMoriodie  acid,  Gay-Lussftc,  on  the  contrary,  calls  it 
eMoride  of  iodirUt  coftceiving  that  the  acidity  of  its  solution  arises 
from  the  presence  of  muriatic  and  iodic  acids,  which  be  supposes  to 
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be  generatecl  by  the  decoint>ositioii  of  water.  Th«  opinieo  of  Sir  H. 
Ihivy  appears  to  me  more  probable ;  for  we  koow  that  free  muriatic 
and  iodic  acids  mutually  decompose  each  other,  and  therefore  could 
liardly  be  generated  by  the  action  of  wat«r  on  the  compound  of  iodine 
and  chlorine.  Chloriodic  acid,  however,  does  not  unite  with  alkaline 
substances.  On  mixing  it,  for  example^  with  baryta,  the  muriate  and 
■  lodate  of  baryta  are  obtained.  From  this  it  may  be  inferred,  that 
water  and  chloriodic  acid  react  on  each  other  when  an  alkali  is  present. 

The  composition  of  chloriodic  acid  is  not  known  with  precision. 

Iodide  of  JS/Urogen.-^From  the  weak  affinity  that  exists  between 
iodine  and  nitrogen,  these  substances  cannot  be  made  to  unite  di- 
rectly. Bat  when  iodine  is  put  into  a  solution  of  ammonia,  the  alkali 
is  decomposed ;  its  elements  unite  with  different  portioas  of  iodine, 
and  thus  cause  the  formation  of  hydrjodic  acid  and  iodide  of  nitrogen. 
The  latter  subsides  in  the  form  of  a  dark  powder,  which  is  character- 
ised, like  chloride  of  nitrogen,  by  its  explosive  property.  It  deto- 
nates violently  as  soon  as  it  is  dried,  and  slight  pressure,  while  moist, 
produces  a  similar  effect.  Heat  and  light  are  emitted  during  the  ex- 
plosion) and  iodine  and  nitrogen  are  set  free^  According  to  the  ex- 
periments of  M.  Colin,  iodide  of  nitrogen  consists  of  one  proportional 
of  nitrogen  to  three  of  iodine. 

Iodide  of  Phosphorus. — lodnie  and  phospbonts  combine  readily 
^  in  the  cold,  evolving  so  much  caloric  as  to  kindle  the  phosphorus,  if 
the  experiment  is  made  in  the  open  air;  but  in  close  vessels  no  light 
appears.  The  combination  takes  place  in  several  proportions,  which 
have  not  been  determined.  Its  most  interesting  property  is  that  of 
decomposing  water,  with  formation  of  hydriodic  and  phospboiic  acids. 

Iodide  o/i9u(pAur.-^This^compound  is  formed  by  heating  gently 
a  mixture  of  iodine  and  sulphur.  The  product  has  a  dark  colour  and 
radiated  appearance,  like  antimony.  Its  elements  lire  easily  disunited 
by  heat. 
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This  peculiarly  interesting  substance  was  discovered  about  two 
years  ago  by  M.  Balard  of  A&ntpellier,  and  the  first  description  of  its 
properties  appeared  in  the  Annuls  dt  Chimie  iet  de  Physique  for 
August  1S26.  The  name  originally  applied  to  it  was  munde  >•  but  it 
has  been  since  chanj|;ed  to  bromine\  a  word  derived  from  the  Greek 
fi^ujutof,  graneolentia^  signifying  a  strong  or  rank  odour.  This  appel- 
lation may  be  conveniently  changed  in  English  into  that  of  bromtne. 

Bromine  in  its  chemical  relations  bears  ariose  analogy  to  chlorine 
and  iodine,  and  has  hitherto  been  always  found  in  nature  associated 
with  the  former,  and  sometimes  also  with  the  latter.  It  exists  in  sea 
water  in  the  form  of  hydrobromie  acid,  combined,  in  the  opinion  of  M. 
Balard,  with  magnesia.  Its  relative  quantity,  however,  is  very  mi- 
nute ;  and  even  the  uncrystalUzable  residue  called  bittern,  left  after 
the  muriate  of  soda  has  been  separated  from  sea  water  by  crystalliza- 
tion, contains  it  in  small  proportion.  It  may  apparently  be  regarded 
as  an  essential  ingredient  of  the  saline  matter  of  the  ocean ;  for  it  has 
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been  detected  in  the  waters  of  the  Mediterraneui,  Baltic,  North  Sea, 
and  Frith  of  Forth.  It  has  also  been  found  in  the  waters  of  the  Dead 
Sea,  and  in  a  variety  of  salt  springs  in  Gtermany*.  M.  Balard  found 
that  it  exists  in  marine  plants  growing  on  the  shores  of  the  Mediter- 
ranean, and  he  has  procured  it  in  appteciable  quantity  from  the  ashes 
of  the  sea- weeds  that  furnish  iodine.  He  has  likewise  detected  its 
presence  in  the  ashes  of  some  animals,  especially  in  those  of  (he  Jan- 
tlima  violacea,  one  of  the  testaceous  mollusca. 

At  common  temperatures  bromine  is  a  liquid,  the  colotic  of  which 
is  blackish-red  when  viewed  in  mass  and  by  reflected  light,  but  ap- 
pears hyacinth-red  when  a  thin  stratum  isinterposed  between  the  light 
and  the  observer^  Its  odour,  which  somewhat  resembles  that  of  clSo- 
rine,  is  very  disagreeable,  and  its  taste  powerful.  Its  speci&c  gravity 
is  about  3.  Its  volatility  is  considerable ;  for  at  common  temperatures 
it  emits  red  coloured  vapours,  which  are  very  simikir  in  appearance  to 
those  of  nitrous  acid ;  and  at  116.5'*  F.  it  enters  into  ebullition.  Bv  a 
temperature  between  zero  and  —4°  F.  it  is  congealed,  and  in  that 
estate  is  brittle. 

Bromine  is  a  non-conduetor  of  electricity,  and  undergoes  no  che* 
mical  change  whatever  from  the  agency  of  the  imponderables.  It  may 
be  transmitted  through  a  red-hot  glass  tube,  and  be  exposed  to  the 
agency  of  galvanism,  without  evincing  the  least  trace  of  decompo- 
sition. Like  oxygen,  chlorine,  and  iodine,  it  is  a  negative  electric. 
Bromine  is  soluble  in  water,  alcohol,  and  ether,  the  latter  being  the 
best  solvent.  It  does  not  redden  litmus. paper,  but  bleaches  it  rapidly 
like  chlorine ;  and  it  likewise  discharges  the  blue  colour  trom  a  sola* 
tion  of  indigo.  Its  vapour  extinguishes  a  lighted  taper;  but  before 
going  out,  it  bums  for  a  few  seconds  with  a  lame  which  is  green  at 
its  base  and  red  at  its  upper  part.  Some  inflammable  substances  take 
fire  by  contact  with  bromine  in  the  same  manner  as  when  introduced 
into  an  atmosphere  of  chlorine.  It  acts  with  energy  on  organic  mas- 
ters, such  as  wood  or  cork,  and  corrodes  the  animal  texture ;  but  if 
applied  to  the  skin  for  a  short  time  only,  it  communicates  a  yellow 
stain,  which  is  less  intense  than  that  produced  by  iodine,  and  soon 
disappears.  To  animal  life  it  is  highly  destructive,  one  drop  of  it  placed 
on  the  beak  of  a  bird  having  proved  fatal. 

From  the  close  resembknce  observable  between  chlorine  and  bro- 
mine, M.  Balard  was  of  course  led  to  examine  its  relation  with  hydro- 
Sin,  and  found  that  these  subslaoces  may  readily  be  made  to  unite ; 
e^  product  of  the  combination  being  a  gas  very  similar  to  muriatic 
and  hydriodic  acid  gases,  and  which  has  hence  received  the  name  of 
hydrobromie  acid  gas.  In  its  action  on  metals,  also,  bromine  presents 
the  closest  similarity  to  that  which  chlorine  exerts  on  the  same  sub* 
stances.  Antimony  and  tin  take  Are  by  contact  with  bromine ;  and 
its  union  with  potassium  is  attended  with  such  intense  disengagement 
of  heat  as  to  cause  a  vivid  flash  of  light,  and  often  to  burst  the  vessel 
in  which  the  experiment  is  performed.  Its  affinity  for  metallic  oxides 
is  feeble,  but  it  has  a  strong  attraction  for  metals.  By  the  action  of 
alkalies  it  is  resolved  into  hydrobromie  and  bromic  acids,  suffierlng  the 
same  kind  of  change  as  chlorine  or  iodine  when  similarly  treated. 

•  Some  of  the  salt  springs  of  Germany  furnish  a  good  deal  of  bro- 
mine.  The  saline  at  Theodorshalle,  near  Kreuznach,  contains  a  suf- 
ficient quantity  to  make  its  extraction  profitable.  A  quintal  (100  lbs.) 
of  the  mother-waters  of  this  spring  yields  two  ounces  and  one  drachm 
of  btomine.—BerzeHuiy  TraUi  de  CAunte,  i.  298.    B. 
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Bromine  is  usually  extracted  from  bittern,  and  its  mode  of  prepara- 
tion is  founded  on  the  property  which  chlorine  possesses  of  decora- 
posing  bydrobromic  acid,  uniting  with  its  hydrogen,  and  setting  bro- 
mine at  liberty.  Accordingly,  on  adding  chlorine  to  bittern,  the  free 
bromine  immediately  communicates  an  orange-yellow  tint  to  the  li- 
quid ;  and  on  heating  the  solution  to  the  boiling  point,  the  red  vapours 
of  bromine  are  expelled,  and  may  be  condensed  by  being  conducted 
into  a  tube  surrounded  with  ice.  It  was  this  change  of  colour  pro- 
duced by  chlorine  that  led  to  the  discovery  of  bromine.  The  method 
recommended  by  M.  Balard  for  procuring  this  substance,  as  well  as 
for  detecting  the  presence  of  bydrobromic  acid,  is  to  transmit  a  cur- 
rent of  chlorine  gas  through  bittern,  and  then  to  agitate  a  portion  of 
sulphuric  ether  with  the  liquid.  The  ether  dissolves  the  whole  of  the 
bromine,  from  which  it  receives  a  beautiful  hyacinth-red  tint,  and  on 
standing  rises  to  the  surface.  When  the  ethereal  solution  is  agitated 
with  caustic  potassa,  its  colour  entirely  disappears,  owing  to  tne  for- 
mation of  hydrobromate  and  bromate  of  potassa,  and  the  former  salt  is 
obtained  in  cubic  crystals  by  evaporation.  The  bromine  may  then  be 
set  free  by  means  of  chlorine,  and  separated  by  heat*.  M.  Balard  lias 
subsequently  improved  the  mode  of  preparation  so  much,  that  he  now 
prepares  bromine  on  a  larger  scaler  and  sells  it  in  Paris  at  the  very 
moderate  rate  of  23  francs  an  ounce. 

According  to  all  the  experiments  hitherto  made,  bromine  appears  to 
be  an  element.  It  is  so  very  similar  in  most  respecta  to  chlorine  and 
iudine,  and,  in  the  order  of  its  chemical  relations,  is  so  constantly  in- 
termediate between  them,  that  M.  Balard  at  first  suspected  it  to  be 
some  unknown  compound  of  these  substances,  and  M.  Dumas  was 
reported  to  have  discovered  such  a  body  possessed  of  all  the  proper- 
ties of  bromine.  There  seems,  however,  to  be  no  good  ground  for  this 
assertion  ;  but,  on  the  contrary,  an  experiment  recently  performed  by 
M.  De  la  Rive  affords  a  v«ry  strong  argument  agaitut  this  supposition. 
He  finds  that  when  a  compound  of  bromine  and  iodine  is  mixed  with 
starch,  and  exposed  to  the  influence  of  galvanism,  bromine  appears  at 
the  positive  and  iodine  at  the  negative  wire,  where  the  starch  acquires 
a  blue  tint.  On  making  the  experiment  with  bromine  containing  a 
Kttle  bromide  of  iodine,  the  same  appearance  ensues ;  but  if  iodine 
is  not  previously  added,  the  starch  does  not  receive  a  tint  of  blue. 

Bromine  is  in  most  cases  easily  detected  by  means  of  chlorine ;  for 
this  substance  displaces  bromine  from  its  combination  with  hydrogen. 


*  According  to  the  authorities  of  Berzelius  and  Theiiard,  whose 
treatises  I  have  consulted,  the  mode  of  treating  the  cubic  crystals, 
(which  consist  of  bromide  of  potassium,  and  not  hydrobromate  of  po- 
tassa, as  stated  by  Dr  Turner)  in  order  to  extract  the  bromine,  is  to  mix 
them  in  a  small  retort,  with  the  peroxide  of  manganese  in  powder,  and 
aet  on  the  mixture  with  sulphuric  acid,  diluted  with  half  its  weight  of 
water,  with  the  assistance  of  heat.  The  beak  of  the  retort  must 
plunge  under  cold  water.  As  the  distillation  proceeds,  the  bromine 
passes  over  in  red  vapours,  and  condenses  under  the  water  in  the  form 
of  brown  and  heavy  drops. — See  Berzelius,  Traiti  de  Chim,  i.  298. 

It  is  certainly  true,  that  chlorine  will  disengage  bromine  from  the 
bromide  of  potassium  j  as  mentioned  by  Dr  Turner ;  and  it  is  possible 
that  M.  Balard  may  have  recent^  modified  his  process  in  this  particu- 
lar. But  supposing  this  to  be  the  ease,  it  is  remarkable,  that  neither 
Berzelius  nor  Heniy,  in  their  treatises^  both  published  in  1829,.  should 
have  alluded  to  the  circumstance.    B* 
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metals,  and  most  other  bodies.    The  appearance  of  its  vapour,  or  the 
colour  of  its  solution  in  ether,  will  then  render  its  presence  obvio^^s. 

The  combining  ■  proportion  of  bromine  has  not  yet  been  precisely 
determined,  bat  jadging  from  M.  Balard's  analysis  of  the  bromides  of 
potassium  and  silver,  75  may  be  assumed  as  an  approximation. 

Hydrobrom\c  Acid  Gas. 

No  chemical  action  takes  place  between  the  vapotir  of  bromine  and 
hydrogen  gas  at  common  temperatures,  not  even  by  the  agency  of 
the  direct  solar  vays;  but  on  introducing  a  lighfed  candle,  or  a  piece 
of  red-hot  iron,  into  the  mixtore,  combination  ensues  in  the  vicinity 
of  the  heated  body,  though  without  extending  to  the  whole  mixture, 
and  without  explosion.  Tlie  combination  is  readily  effected  by  the 
action  of  bromine  on  some  of  the  gaseous  compounds  of  hydrogen. 
Thus  on  mixing  the  vapour  of  bromine  with  bydriodic  acid,  sulphu* 
retted  hydrogen,  or  phosphuretted  hydrogen  gas,  decomposition  en- 
sues, and  hydrobromic  acid  gas  is  generated.  It  may  be  conveniently 
made  for  expeiimental  purposes  by  a  process  similar  to  that  for  form- 
ing bydriodic  acid.  A  mixture  of  bromine  and  phosphorus,  slightly 
moistened,,  yields,  by  the  aid  of  a  gsntle  heat,  a  large  quantity  of  pure 
hydrobromic  acid  gas,  which  should  be  collected  either  in  dry  glass 
bottles,  or  over  mercury. 

Hydrobromic  acid  gas  is  colourless,  has  an  acid  taste,  and  pungent 
odour.  It  irritates  the  glottis  powerfully,  so  as  to  excKe  cough,  and 
when  mixed  with  moist  air,  yieMs  white  vapours,  which  are  denser 
.than  those  occasioned  under  the  same  circumstances  by  muriatic  acid 
gas.  It  undergoes  no  decomposition  when  transmitted  through  a  red- 
hot  tube,  either  alone,  op  mixed,  with  oxygen.  It  is  not  afiected  by 
iodine  ;  but  chlorine  decomposes  it  instantly,  with  production  of  mu-. 
riatic  acid  gas,  and  deposition  of  brorolne.  It  may  be  preserved 
without  change  oyer  mercury ;  but  potassium  and  tin  decompose  it 
with  facility,  the  first  at  common  temperatures^  and  the  last  by  the 
aid  of  heat. 

Hydrobromic  acid  gas  is-  very  soluble  in  water.  The  aqueous  solu- 
tion may  be  made  by  treating  bromine  with  sulphuretted  hydrogen 
dissolved  in  water»  or  still  better,  by  transmitting  a-  current  oi.  hydro-i 
bromic  acid  gas  through  pore  water.  The  liquid  becomes  hot  during 
the  condensation,  acquires  great  density,  increases  in  volume,  and 
emits  white  fumes  when  exposed  to  the  air.  This  acid  solution  is 
colourless  when  pure,  but  possesses  the  property  of  dissolving  a  large 
quantity  of  bromine,  and  then  receives  the  tint  of  that  substance. 

Chlorine  decomposes  the  solution  of  hydrobromic  acid  in  an  instant* 
Nitric  acid  likewise  aets  upon  it,  though  less  suddenly,  occasioning 
the  disengagement  of  bromine,  and  probably  the  formation  of  water 
and  nitrous  aeid.  The  nitro-hydrobromic  acid^  is  analogous  to  ctqua 
regia,  and  possesses  the  property  of  dissolving  gokl. 

The  elements  of  sulphuric  and  hydrobromic  acids  react  on  each 
other  in  a  slight  degree ;  and  hence  on  decomposing  hydrobromate  of 
potassa  by  sulphuric  acid,  the  hydrobromic  is  generally  mixed  with  a 
little  sulphurous  acid  gas. 

Metallic  oxides,  as  might  be  expeeted,do  not  act  in  a  uniform  man- 
ner on  hydrobromic  acid.  The  alkalies,  earths,  oxides  of  iron,  and 
peroxides  of  copper  and  mercury,,  form  compounds  which  may  be  re- 
garded as  hydrobromates  $  whereas  the  oxide  of  silver,  and  protoxide 
of  lead,  give  rise  to  double  decompe8ttioD>  in  consequence  of  which 
water  and  a  metallie  bromide  result. 
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The  eompostUon  of  hydrabremie  acid  gat  i»  eMlf  j  inferretl  firon^the 
tv(ro  roliowing  factB*  1.  On  decomposing  hydrobroraie  acid  gat  by 
potassium,  a  quantity  of  hydrogen  remains  precisely  equal  to  half  the 
volume  of  the  gas  employed;  and  2.  when  hydriodie  acid  gas  is  de* 
Composed  by  bromine,  the  resulting  bydrobromie  ecld  occupies  the 
very  seme  space  as  the  gas  which  is  decomposed.  It  is  hence  appa- 
rent that  h^drobromic  is  analogous  to  hydriodie  and  muriatic  acid 
gases;  or,  mother  words,  that  100  measures  of  bydrobromie  aeid 
gas  contain  50  measurer  of  the  vapour  of  bromine,  and  50  of  hydrogen. 
By  weight  it  may  be  regarded  as  a  componnd  of  one  proportional  of 
each  element. 

Since  bromine  decomposes  hydriodie,  and  chlorine  bydrobromie  add, 
it  is  obvious  that  bromine,  in  relation  to  hydrogen,  is  intermediate  be- 
tween chlorine  and  iodine ;  for  it  has  a  stronger  affinity  for  hydrogen 
than  iodine,  and  a  weaker  than  chlorine.  The  affinity  of  bromine  and 
oxygen  for  hydrogen  appears  neariy  similar ;  for  while  oxygen  cannot 
detach  hydrogen  from  bromine,  bromine  does  not  decompose  watery 
vapour. 

The  salts  of  bydrobromie  ai^id  are  termed  hydrehromates.  Like 
the  free  acid,  they  are  decomposed,  and  the  presence  of  bromine  de- 
tected, by  means  of  chlorine.  On  nrixhig  a  soluble  hydrobromate  wit^ 
the  nitrates  of  lead,  silver,  and  protoxide  of  mercury,  white  preeipi- 
taies  are  obtained,  which  are  very  similar  in  appearance  to  the  chlo« 
rides  of  those  metals,  but  which  are  metallic  bromldee.  On  the  ad- 
dition of  chlodBe,  the  vapoor  of  bromine  is  evolved. 

Bromic  Acid, 

The  only  compound  yet  known  of  bromine  and  oxygen  is  Uiat  form^ 
ed  by  the  action  of  pure  potassa  on  bromine,  when,  by  decoraposi* 
tiott  of  water,  and  the  union  of  its  elements  with  separate  portions  of 
bromine,  bromic  and  bydrobromie  acids  are  generated.  Of  the  bromate 
and  hydrobromate  of  potassa  thus  produced,  the  former  is  much  less  sol- 
uble in  water  than  the  latter,  and  by  means  of  this  difference  in  selu- 
biltfy  the  two  salts  are  easily  separated.  The  bromate  of  the  other 
alkalies  and  alkaline  earths  may  be  prepared  in  a  similar  manner. 

The  bromates  are  analogous  to'  the  chlorates  and  iodates.  Thus 
bromate  of  potassa  is  converted  by  heat  into  bromide  of  potassium, 
with  disengagement  of  pure  oxygen  gas,  deflagrates  like  nitre  when 
thrown  on  burning  charcoal,  and  forms  with  sniphur  a  mixture  which 
detonates  by  percussion.  Tlie  aeid  of  the  bromates  is  decomposed  by 
deotidizing  agents,  sndi  as  sulphorous  acid  and  sulphuretted  hydro- 
gen, in  the  same  manner  ae  the  acid  of  the  iodates.  The  bromates 
likewise  suffer  decomposition  from  the  action  of  bydrobromie  and  nra^ 
riatie  acids. 

Bromate  of  potassa  is  said  not  to  precipitate  the  salts  of  lead,  but  to 
occasion  a  white  ;preoipitate  with  nitrate  of  silver,  and  a  yellowish- 
white  with  proto-ikitrate  of  mereury ;  characters  which,  if  correctly  ob- 
served, distinguish  the  bromate  from  the  iodate  and  chlorate  of  potas- 
sa in  a  very  satisfactory  manner. 

Bromic  acid  may  be  procured  in  a  separate  state  by  decomposing  a 
dHate  solution  of  bromate  of  baryta  with  sotphinic  aeid,  so  as  to 
preeipiitate  the  whole  of  the  baryta.  The  resuhiog  solution  of  bromie 
aeid  may  be  concentrated  by  slow  evaporation  until  it  acquires  the, 
consistence  of  syrup ;  but  on  raising  the  temperature,  in  order  to  ex- 
pel all  the  water,  one  part4if  the  acid  is  volatilized,  and  the  other  re- 
solved into  oxygen  and  bromii^e.  A  siniilar  resAlt  took  pteee  when 
T  2 
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the  evaporatioo  wm  conducted  into  vacuo  with  Mlphuric  acid  ;  and 
accordingly  all  attempts  to  procure  anbydrousi)romic  acid  have  hith« 
erto  failed. 

Bromic  acid  has  scarcely  any, odour,  but  its  taste  is  very  acid,  though 
not  at  all  corrosive.  It  reddens  litmus  paper  powerfully  at  first,  and 
soon  after  destroys  its  colour.  It  is  not  affected  by  nitric  or  sulphu- 
ric acid,  except  when  the  latter  is  highly  concentrated,  in  which  case 
bromine  is  set  free,  and  effervescence,  probably  owing  to  the.  escape, 
of  oxygen  gas  ensues.  From  the  analysis  of  bromate  of  potassa,  bro- 
mic acid  is  obviously  similar  in  constitution  to  iodic,  chloric,  and  nitric 
acids ;  that  is,  consists  of  one  proportion  of  bromine  united  with  five  o( 
oxygen. 

Chloride  cf  Bromine. — This  compound  may  be  formed  a^commoik 
temperatures  by  transmitting  a  current  of  chlorine  through  bromine, 
and  condensing  the  disengaged  vapours  by  means  of  a  freezing  ma- 
ture. The  resulting  chloride  is  a  volatile  fluid  of  a  reddish-yellow  co-. 
lour,  much  less  intense  than  that  of  bromine.  Its  odour  is  penetrat- 
ing and  causes  a  discharge  of  tears  from  the  eyes ;  and  its  taste  very 
disagreeable.  Its  vapour  is  a  deep  yellow,  like  the  oxides  of  chlo- 
rine, and  enabltts  metals  to  bum  as  in  an  atmosphere  of  chlorine,  doubt« 
less  giving  rise  to  the  formation  of  i^etallie  chlorides  and  bromides. 

The  chloride  of  bromine  is  soluble  in  water  without  decomposition  ; 
for  the  solution  possesses  the  colour,  odour,  and  bleaching  properties 
of  the  compound,  and  discharges  the  colour  of  litmus  paper  with- 
out previously  reddening  it.  By  the  action  4>f  the  alkalies.it  is  decom-?. 
posed,  and  is  converted,  by  means  of  the  eleofents  of  water,  into  muri-^ 
atic  and  bromic  acids. 

Bromide  of  Iodine, — These  substances  act  readily  on  each  other, 
and  appear  capable  of'  uniting  in  two  proportions.  The  proto« bro- 
mide is  a  solid,  convertible  by  heat  into  a  reddish-brown  vapour, 
which  in  cooling,  condenses  into  crystals  of  the  same  colour,  and  of  a 
form  resembling  that  of  fern  leaves.  An  additional  quantity  of  bromine 
converts  these  crystals  into  a  fluid,  which  in  appearance  is  like  a 
strong  solution  of  iodine  in  hydriodic  acid.  This  compound  dissolves 
without  decomposition  in  water,  but  with  the  alkalies  yields  hydro- 
bromic  and  iodic  acids.-^The  existence  of  two  bromides  of  iodine  can. 
scarcely  be  regarded  as  satisfactorily  established. 

Bromide  of  Sulphur. — On  pouring  bromine  on  sublimed  sulphur, 
combination  ensues,  and  a  fluid  of  an  oily  appearance  and  reddish  tint 
is  generated.  In  odour  it  somewhat  resembles  chloride  of  sulphur, 
and  like  that  compound  emits  white  vapours  when  exposed  to  the 
air,  but  its  colour  is  deeper.  It  reddens  litmus  paper  faintly  when- 
dry,  but  stronglv  if  water  is  added.  Cold  water  acts  slowly  upon  the 
bromide  of  sulphur ;  but  at  a  boiling  temperature,  the  action  is  so  vio- 
lent that  a  slight  detonation  occurs,  and  three  compounds,  hydrobro<v 
mic  and  sulphuric  acids,  and  sulphuretted  hydrogen  are  formed.  The 
formation  of  these  substances  is  of  course  attributable  to  decomposi- 
tion of  water,  and  the  union  of  its  elements  with  bromine  and  sulphur. 
Bromide  of  sulphur  isiikewise  decomposed  by  chlorine,  which  unites- 
with  sulphur,  and  displaces  bromine. 

Bromide  of  Phosphorus, — When  bromine  and  phosphorus  are 
brought  into  contact  in  a  flask  fiUed  with  carbonic  aoid  gas,  they  act 
suddenly  on  each  other  with  evolution  of  heat  and  li«»t,  and  twa 
compounds  are  generated ;  one  a  crystalline  solid  which  is  sublimed 
and  collects  in  the  upper  part  of  the  flask,  and  the  other  a  fluid,  which 
remains  at  the  bottom.  The  latter  is  regarded  by  M.  Balard  as  a  pro- 
te^bromide^  and  the  former  as  a  deuto-bromide  of  phospberiu. 
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The  proto-bromide  retains  Us  liquid  form  eyen  tt  62^  F.  It  is  reed* 
ily  converted  into  vapour  by  heat,  and  on  exposure  to  the  air  emits 
penetrating  fumes.  It  reddens  litmus  paper  faintly,  an  effect  which 
is  probably  owing  to  the  presence  of  moisture.  With  water  it  -acts 
energetically  and  with  free  disengagement  of  caloric,  hydrobromic 
acid  gas  being  evolved  when  only  a  few  drops  of  water  are  employed  ; 
but  if  a  large  quantity  is  used,  the  gas  is  dissolved^  and  the  acid  solu- 
lion  leaves  by  evaporation  a  residuum,  which  bums  slightly  when 
dried,  and  is  converted  into  phosphoric  acid. 

The  deuto-bromide  is  yellow  in  its  solid  state ;  but  with  gentle 
heat  becomes  a  red- coloured  liquid,  which  by  increase  of  tempera* 
ture  is  converted  into  vapour  of  the  same  tint.  On  cooling  after  fusion 
it  yields  rhombic  crystals ;  but  when  its  vapour  is  condensed,  the 
crystals  are  actcular.  It  is  decomposed  by  metals,  probably  with  the 
formation  of  metallic  bromides  and  phosphurets.  It  emits  dense 
penetrating  fumes  on  exposure  ta  the  air,  and  with  water  gives  rise  to 
the  production  of  hydrobromic  and  phosphoric  acids. 

Chlorine  has  a  greater  affinity  for  phosphorus  than  bromine,  and 
decomposes  both  the  bromides  with  evolution  of  the  vapour  of  bro- 
mine. These  compounds  are  not  decomposed  by  iodine ;  but  on  the 
contrary  bromine  decomposes  iodide  of  phosphorus. 


SECTION  XIV^. 

FLUORTJ^E. 

The  substance  to  which  this  name  is  applied  has  not  hitherto  been 
obtained  in  an  insulated  form,  and  therefore  the  properties  which  are 
peculiar  to  it  in  that  state,  are  entirely  unknown.  From  the  natur» 
of  its  compounds  it  appears  to  belong  to. the  class  of  negative  elec- 
trics, and  like  oxygen  and  chlorine,  to  have  a  powerful  affinity  for  hy- 
drogen and  metallic  substances*  With  hydrogen  it  constituted  a  pe- 
culiar and  very  powerful  acid,  the  hydroftuoriCf  the  history  of  whicb 
isrill  occupy  the  greater  part  of  this  section. 

Hydrofluoric  Acid. 

This  acid  was  first  procured  in  its  pure  state  in  the  year  1810  by. 
MMi  Gay-Lussac  and  Thenard,  and  described  in  the  second  volume 
of  their  Reeherches  Phyneo- Ghimiques,  It  is  prepared  by  acting 
on  the  mineral  called  fluot  spar,  carefully  separated  from  siliceous 
earth  and  reduced  to  fine  powder,  with  twice  its  weight  of  concentrat- 
ed-sulphuric acid.  The  mixture  is  made  in  a  leaden  retort ;  and  on 
applying  heat,  an  acid  and  highly  corrosive  vapour  distils  over,  which 
must  be  coHecied  in  a  receiver  of  the  same  metal  surrounded  with 
ice.  As  the  materials  swell  up  considerably  during  the  process,  ow- 
ing to  a  quantity  of  vapour  forcing  its  way  through  a  viscid  mass,  the  ^ 
retort  should  be  capacious.  At  the  ciose  of  the  operation  pure  hydro- 
fluoric acid  is  found  in  the  receiver,  and  the  retort  contains  dry  sul- 
phate of  lime.  The  chemical  changes  are  similar  to  those  which  oc- 
cur in  the  decomposition  of  chloride  of  sodium  by  sulphuric  acid,  aa 
explained  at  page  198.  Fluor  spar  consists  of  fluorine  and  calcium, 
and  when  tctedon  by  oil  of  viuiol,  the  water  of  that  acid  is  resolved 
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into  its  elementd ;  the  hydrogen  ubitiog  with  fludrioe  generates  hy- 
drofluoric acid,  and  the  lime,  formed  by  the  anion  of  the  oxygen  of 
water  and  calcium,  combines  with  sulphuric  acid.  If  the  oil  of  Wtriol 
is  of  sufficient  strength,  all  its  water  is  decomposed,  and  the  resulting 
hydrofluoric  acid  is  anhydrous. 

Hydrofluoric  acid,  at  the  temperature  of  82''  F.  is  a  colourless  fluid, 
and  remains  in  that  state  at  69*  if  preserved  in  well  stopped  bottles  ; 
but  when  exposed  to  the  air,  it  flies  oif  in  dense  white  fumes,  which 
consist  of  the  acid  vapour  combined  with  the  moisture  of  the  atmos- 
phere. Its  specific  gravity  is  1.0609 ;  but  its  density  may  be  increased 
to  1.25  by  gradual  additions  of  water.  Its  affinity  for  this  liquid  far 
exceeds  that  of  the  strongest  sulphuric  acid,  and  the  combination  is 
accompanied  with  a  hissing  noise,  as  when  red-hot  iron  is  quenched 
by  immersion  in  water. 

The  vapour  of  hydrofluoric  acid  is  much  more  pungent  than  chlo- 
rine or  any  of  the  irritating  gases.  Of  all  known  substances,  it  is  the 
most  destructive  to  animal  matter.  When  a  drop  of  the  concentrated 
acid  of  the  size  of  a  pin*s  head  comes  in  contact  with  the  skin,  in- 
stantaneous disorganization  ensues,  and  deep  ulceration  of  a  malignant 
character  is  produced.  Ob  this  account  the  greatest  care  is  requisite 
in  the  preparationof  pure  hydrofluoric  acid. 

This  acid  when  concentrated  acts  energetically  on  glass.  The 
transparency  of  the  glass  is  instantly  destroyed,  caloric  is  evolved,  and 
the  acid  boils,  and  in  a  short  time  entirely  disappears.  A  colourless 
gas,  commonly  known  by  the  name  offtuosiUeie  acid  gas,  is  the  sole 
product.  This  compound  is  always  formed  when  hydrofluoric  acid 
comes  in  contact  with  siliceous  substances.  For  this  reason  it  can- 
not be  preserved  in  glass ;  but  must  be  prepared  and  kept  in  metallic 
vessels.  Those  of  lead,  from  their  cheapness,  are  often  used ;  but 
vessels  of  silver  or  platinum  are  preferable.  In  consequence  of  its 
powerful  affinity  for  sificeous  matter,  hydrofluoric  acid  may  be  em- 
ployed for  etching  on  glass ;  and  when  used  with  this  intentioB}  it 
should  be  diluted  with  three  or  four  times  its  weight  of  water. 

Hydrofluoric  acid  has  all  the  usual  characters  of  a  powerful  acid. 
It  has  a  strong  sour  taste,  reddens  litmus  paper,  and  with  alkaline  sub- 
stances forms  salts,  which  are  termed  hydrofluatee.  All  these  salts 
are  decomposed  by  strong  sulphuric  acid  with  the  aid  of  beet,  and  the 
hydrofluoric  acid  while  escaping  may  be  detected  by  its  action  on 
glass. 

Hydrofluoric  acid  a£t8  violently  oA  sodie  of  the  metals,  especially 
on  the  bases  of  the  alkalies.  Thus  when  potassium  is  brought  in  con- 
tact with  the  concentrated  acid,  an  explosion  attended  with  heat  and 
light  ensues ;  hydrogen  gas  is  disengaged,  and  a  white  compound,  the 
fluoride  of  potassium,  is  generated.  It  is  a  solvent  for  some  elemen- 
tary principles  which  resist  the  action  even  of  nitro-muriatic  acid. 
Thus  it  dissolves  silicium,  zirconium,  and  columbium,  with  evolution 
of  hydrogen  gas ;  and  when  mixed  with  nitric  acid,  it  proves  a  solvent 
for  silicium  which  has  been  condensed  by  heat,  and  for  titanium. 
The  nitro-hydrofluoric  acid,  however,  is  incapable  of  dissolving  gold 
and  platinum.  Severai  oxidized  bodiies,  which  are  not  attacked  by 
sulphuric,  nitric,  or  muriatic  acid,  are  readily  dissolved  by  hydro- 
fluoric acid.  As  examples  of  this  fact,  several  of  the  weaker  acids, 
such  as  silica  or  silicic  acid,  titanic,  columbici  molybdic  and  tungstie 
acids  may  be  enumerated.    (Berzelius.) 

Chemists  are  not  agreed  as  to  the  precise  combining  proportion  of 
fluorine.  According;  to  the  experiments  of  Dr  Thomson,  18  is  the  true 
atomic  weight  of  this  substance ;  but  as  BeraseliuA  has  lar  more  piacti- 
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cal  knowledge  of  the  compounds  of  fiaorine  than  other  chemists,  his 
result  is  probably  nearer  the  truth.  He  found  that  100  parts  of  pure 
fluoride  of  calcium  prepared  with  the  greatest  care,  yielded  with  sul- 
phuric acid  175  parts  of  sulphate  of  lime.  According  to  these  hum- 
heta,  fluoride  of  calcium  consists  of  20  parts  or  one  proportion  of 
calcium,  and  18.86  parts  or  one  proportion  of  fluorine,  givine  38.86 
as  the  equivalent  of  the  compound  ;  and  as  the  constitution  of  hydro- 
fluoric is  analogous  to  that  of  muriatic  and  hydriodic  acids,  it  is  com- 
pdsed  of  18.86  parts  of  fluorine  and  1  part  oC  hydrogen. 

A  different  view  of  the  compounds  of  fluorine  was  originally  taken 
by  Gay-Lussac  and  Thenard,  and  is  still  held  by  some  chemists, 
lliey  adopted  the  opinion  that  hydrofluoric  acid  is  a  compound  of  a 
certain  Inflammable  principle  and  oxygen,  and  applied  to  it  the  name 
of  fluoric  aeid,  previously  introduced  by  Scheele.  Fluor  spar  on  this 
view  is  a  fluate  of  lime,  and  when  this  salt  is  decomposed  by  oil  of 
vitriol,  the  fluoric  is  merely  displaced  by  the  sulphuric  acid,  and  the  for- 
mer passes  ofif  combined  with  the  water  of  the  latter.  What  I  havo 
described  as  anhydrous  hydrofluoric  acid  is,  according  to  this  hypo- 
thesis, hydrated  fluoric  acid  ;  and  when  acted  on  by  potassium,  this 
metal  is  oxidized  at  the  expense  of  the  water,  and  potassa  thus  gener- 
ated unites  with  fluoric  acid,  forming,  not  fluoride  of  potassium,  but 
fluate  of  potassa.  The  combining  proportion  of  fluoric  acid,  as  infer-, 
red  from  the  analysis  of  Berzelius,  is  10.86;  for  38.86  parts  or  one 
equivalent  of  fluor  spar  is  supposed  to  contain  28  parts  of  lime»  (20 
calcium  and  8  oxygen,)  thus  leaving  10.86  as  the  equivalent  of  tho 
acid. 

The  theory,  according  to  which  fluor  spar  is  a  compound  of  fluorine 
and  calcium,  originated  as  a  suggestion  with  M.  Ampere  of  Paris,  and 
was  afterwards  supported  experimentally  by  Sir  H.  Davy.  It  was  found 
that  pure  hydrofluoric  acid  evinces  no  sign  of  containing  either  oxy- 
gen or  water.  Charcoal  may  be  intensely  het^tod  in  the  vapour  of  the 
acid  without  the  production  of  carbonic  acid.  When  hydrofluoric  acid- 
was  neutralized  with  dry  ammoniacal  gas,  a  white  salt  resulted,  from 
which  no  water  could  be  separated ;  and  on  treating  this  salt  with 
potassium,  no  evidence  could  be  obtained  of  the  presence  of  oxygen. 
On  exposing  the  acid  to  the  agency  of  galvanism,  there  was  a  disen- 
gagement at  the  negative  pole  of  a  small  quantity  of  gas,  which  was 
inferred  from  its  combustibility  to  be  hydrogen ;  while  the  plathium  wire 
of  the  opposite  side  of  the  battery  was  rapidly  corroded,  and  became 
covered  with  a  chocolate-coloured  powder.  Sir  H.  Davy  explains 
these  phenomena  by  supposing  hydrofluoric  acid  to  have  been  resolv- 
ed into  its  elements,  and  that  fluorine,  at  the  moment  of  arriving  at 
the  positive  side  of  the  battery,  entered  into  combination  with  the  pUti- 
nuDi  wire  which  was  employed  as  a  conductor.  Unfortunately,  how- 
ever, he  did  not  succeed  in  obtaining  fluorine  in  an  insulated  state. 
Indeed,  from  the  noxious  vapours  that  arose  during  the  experiment, 
it  was  impossible  to  watch  its  progress,  and  examine  the  different  pro- 
ducts with  that  precision,  which  Is  essential  to  the  success  of  minute 
chemical  inquiries,  and  which  Sir  H.  Davy  has  so  Irequiently  display- 
ed on  other  occasions. 

Though  these  researches  led  to  no  conclusive  result,  they  afforded 
80  strong  a  presumption  in  favour  of  the  opinion  of  Ampere  and  Davy» 
that  it  was  adopted  by  several  other  chemists.  This  view  has  very 
recently  received  strong  additional  support  from  the  experiments  of 
M.  Kuhlman.  (Quarterly  Journal  of  Science  for  July  1827,  p.  206.) 
It  was  found  by  this  chemist  that  flaor  spar  is  not  in  the  flightest  de<i 


226  FluoTiiie.^ 

p«e  decomposed  by  (be  aetion  of  anbjrdfous  sulphurie  acid,  wbefher 
at  common  temperatures  or  at  a  red  heat.  The  experiment  was  made 
both  by  transmitting  the  vapour  of  anhydrous  sulphuric  acid  over  fluor 
spar  heated  to  redness  in  a  tube  of  platinum,  and  by  putting  the 
mineral  into  the  liquid  add.  In  neither  case  did  decomposition  en- 
sue ;  but  when  the  former  experiment  was  repeated  with  the  differ- 
ence of  employing  concentrated  hydrous  instead  of  anhydrous  sul- 
phuric acid,  evolution  of  hydrofluoric  acid  was  produced.  M.  Kuhl- 
man  also  transmitted  dry.  muriatic  acid  gas  over  fluor  spar  at  a  red 
heat,  when  hydrofluoric  acid  was  disengaged,  without  any  evolu- 
tion of  hydrogen,  and  chloride  of  calcium  remained.  I  am  aware  of 
no  satisfactory  explanation  of  these  facts,  except  by  regarding  fluor 
•par  as  a  compound  of  fluorine  and  calcium,  and  hydrofluoric  acid  as 
a  compound  of  fluorine  and  hydrogen.  I  shall  accordingly  adopt  this 
view  in  the  subsequent  pages,  and  never  employ  the  term  fluoric  acid, 
except  when  explaining  phenomena  according  to  the  theory  of  Gay- 
Lussac. 

Fludboric  AiAd  Gas, 

The  cliief  difficulty  in  determining  the  nature  of  hydrofluoric  acid, 
arises  from  the  water  of  the  sulphuric  acid  which  is  employed  in  its 
preparation.  To  avoid  this  source  of  uncertainty,  Gay-Lussac  and 
Thenard  made  a  mixture  of  vitrified  boracic  acid  and  fluor  spar,  and 
exposed  it  in  a  leaden  retort  to  heat,  under  the  expectation  that  as  no 
water  was  present,  anhydrous  fluoric  acid  would  be  obtained.  In 
this,  however,  they  were  disappointed ;  but  a  new  gas  came  over,  to 
which  they  applied  the  term.of  jiuo&ortc  acid  gas,  A  similar  train  of 
reasoning  led  Sir  H.  Davy  about  the  same  time  to  the  same  discovery  ; 
though  the  French  chemists  had  tho  advantage  in  priority  of  publica- 
tion* Fiuoboric  acid  ffas  may  be  prepared  more  conveniently  by 
mixing  one  part  of  vitrified  boracic  acid,  and  two  of  fluor  spar,  with 
twelve  parts  of  strong  sulphuric  acid,  and  heating  the  mixture  gently 
in  a  glass  retort.  (Dr  John  Davy,  Philos.  Trans,  for  1812.)  When 
thus  prepared,  however,  it  contains  fluosilicic  acid,  according  to  Ber- 
selius,  in  considerable  quantity ;  and  Dr  Thomson  detected  in  it  tracen 
of  sulphuric  acid.  The  gas  may  likewise  be  formed  by  the  action  of 
hydrofluoric  acid  on  a  solution  of  boracic  acid. 

In  the  decomposition  of  fluor  spar  by  vitrified  boracic  acid,  the 
former  and  part  of  the  latter  undergo  an  interchange  of  elements. 
The  fluorine  uniting  with  boron  gives  rise  to  fluoboric  acid  gas ;  and 
by  the  union  of  calcium  and  oxygen,  lime  is  generated,  which  com- 
bines with  boracic  acid,  and  is  left  in  the  retort  as  borate  of  limow 
The  fluoboric  acid  gas,  therefore,  is  composed  of  boron  and  fluorint. 
Those  who  adopt  the  theory  of  Gay-Lussac  give  a  different  explana* 
tion,  and  regard  this  gas  as  a  compound  of  fluoric  and  boracic  acids. 
The  lime  of  fluor  spar  is  supposed  to  unite  with  one  portion  of  boracic 
acid,  and  fluoric  acid  at  the  moment  of  separation  with  another,  yield- 
ing borate  of  fime  and  fluoboric  acid  gas. 

Fluoboric  acid  gas  is  colouriess,  has  a  penetrating  pungent  odour, 
and  extinguishes  flame  on  the  instant.  Its  specific  gravity,  accord- 
ing to  Dr  Thomson,  is  2.3622.  It  reddens  litmus  paper  as  powerfully 
as  sulphuric  acid,  and  forms  salts  with  alkalies  which  are  called ^uo- 
borai99.  It  has  a  singulariy  great  affinity  for  water.  When  it  is 
mixed  with  air  or  any  gas  which  contains  watery  vapour,  a  dense 
white  cloud  appears,  which  is  a  combination  of  water  and  fluoboric 
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aeid  gas.  Ffom  this  clreunistaoce,  it  tthrds  an  ezeeedingly  deHcata 
test  of  the  presence  of  moisture  io  gases.  Fluoboric  acid  gas  is  la* 
pidly  absorbed  by  water.  According  to  Dr  John  Davy,  water  absorbs 
700  times  itd  volume.  Caloric  is  evolved  during  the  absorption,  and 
i^  water  acquires  an  increase  of  volume.  The  saturated  solution  is 
llBpid,  fuming,  and  very  caustie.  On  the  application  of  beat,  part  of 
the  gas  is  disengaged  ;  but  afterwards  the  whole  solution  is  distilled. 

Gay-Lussac  and  Thenard,  and  Dt  Davy  were  of  opinion  that  flu* 
oboric  acid  gas  is  dissolved  by  water  without  decomposition ;  but 
Berzelius  denies  the  accuracy  of  their  observation.  On  transmitting 
the  gas  into  jwater  until  the  liquid  acquires  a  sharply  sour  taste,  but  is 
far  iroin  being  saturated,  a  white  powder  begins  to  subside,  and  on 
cooline,  a  considerable  quantity  of  boracic  acid  is  deposited  in  crys* 
tals.  It  appears  that  in  a  certain  state  of  dilution,  part  of  the  fluobo- 
ric acid  and  water  mutually  decompose  each  other  with  formation  of 
boracic  and  hydrofluoric  acids.  The  latter  unites,  according  to  Ber-* 
zelius,  with  undecomposed  fluoboric  acid,  forming  what  he  has  called 
the  boro-hydrofluorie  acid.  On  concentrating  the  liquid  by  evapora- 
tion, the  boracic  and  hydrofluoric  acids  decompose  each  other,  and  the 
original  compound  is  reproduced. 

Fluoboric  acid  gas  does  not  act  on  glass,  but  attacks  animal  and  ve- 
getable matters  with  energy,  converting  them,  like  sulphuric  acid,  in- 
to a  carbonaceous  substance.  This  action  is  most  probably  owing  to 
its  affinity  for  water. 

When  potassium  is  heated^ in  fluoboric  acid  gas,  the  metal  takes 
fire,  and  a  chocolate-coloured  solid,  wholly  devoid  of  metallic  lustre,  is 
formed.  This  substance  is  a  mixture  of  fluoride  of  potassium,  and  bo- 
ron ;  and  by  the -action  of  water  the  former  is  dissolved,  and  the  boron 
left  in  a  solid-state. 

The  composition  of  fluoboric  acid  gas  has  not  hitherto  been  deter- 
mined by  direct  experiment.  Dt  Davy  ascertained  that  it  unites  with 
an  equal  measure  of  ammoniacal  gas,  forming  a  solid  salt ;  and  also 
combines  with  twice  and  three  times  its  volume  of  ammonia, 
yielding  liquid  compounds.  In  the  first  salt  the  relative  weights  of 
the  constituent  gases  are  in  the  ratio  of  their  specific  gravities ;  and 
if  the  compound  consists  of  one  proportion  of  each,  it  will  be  thus 
constituted, 

Fluoboric  acid  gas  2.8622  68.04  one  proportional. 

Ammoniacal  gas  0,5902  17      one  proportional. 

and  the  combining  proportion  of  the  acid  may  be  assumed  in  round 

numbers  to  be  68*.    Now  supposing  this  acid  to  be  formed  of  three 

proportionals  of  fluorine  and  one  of  boron,  its  equivalent  will  be  64.58, 

*  It  is  more  probable  that  the  first  salt  consists  of  two  proportionals 
of  the  acid  combined  with  one  of  ammonia.  It  is  a  well  known  fact, 
that  combining  weights,  or  equivalents  of  the  great  majority  of  the  gases^ 
whether  simple  or  compound,  occupy  the  same  space ;  while  the  com- 
bining weights  of  a  few,  such  as  ammonia,  muriatic  acid,  deutoxide  of 
nitrogen,  have  a  volume  double  the  usual  volume.  Now  it  Is  most  pro- 
bable that  fluoSoric  acid,  in  its  constitution,  conforms  to  the  general 
rule,  and  that,  therefore,  one  proportional  of  it  fills  but  half  the  space 
that  is  occupied  by  one  proportional  of  ammonia.  Admittin^^  this  view, 
a  combination  of  equal  volumes  of  these  gases  must  be  a  bifluoborate^ 
and  the  equivalent  of  fluoboric  acid  will  be  only  half  as  great  as  that 
given  by  Dr  Turner,  or  34.02.    B. 
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a  number  wfafch  approximates  to  the  preceding.  Bat  this  view  is  quite 
hypothetical.  Dr  Thomson  considers  34  as  the  equivalent  of  fluobo- 
ric  acid  gas,  and  believes  it  to  consist  of  one  proportion  of  fluorine  and 
two  of  boron.  His  opinion,  however,  is  very  improbable ;  for  the  for- 
mation of  the  gas  from  a  mixture  of  boracic  acid  and  fluor  spar,  accord- 
ing to  this  supposition,  appears  quite  inexplicable.  These  remarte 
will  serve  to  show  that  the  data  for  forming  an  opinion  on  this  subject 
are  uncertain. 
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ON  THE  COMPOUNDS  OF  THE  SIMPLE  NON-METALLIC 
ACJDIFIABLE  COMBUSTIBLES  WITH  EACH  OTHER. 


SECTION  I. 

HYDROQEJV  JU^TD  JTITROGEJ^-^^JIMMOJ^MCAL  QA8, 

The  spirit  of  hartshorn  has  been  long  known  to  chemists  \  bat  the 
existence  of  ammonia  as  a  gas  was  first  noticed  by  Dr.  Priestley,  and 
was  described  by  him  in  his  works  under  the  name  of  alkaline  air. 
It  is  sometimes  called  the  volatile  alkali;  but  the  terms  ammonia 
nnd  ammoniacdl  gas  are  now  more  commonly  employed. 

The  most  convenient  method  of  preparing  ammoniacal  gas  for  the 
purposes  of  experiment,  is  by  applying  a  gentle  heat  to  the  concen- 
trated solution  of  ammonia,  contained  m  a  glass  vessel.    It  soon  en- 
ters into  ebullition,  and  a  large  quantity  of  pure  ammonia  is  disen- 
^  gaged.      ,  ; 

Ammonia  is  a  colourless  gas,  which  has  a  strong  pungent  odour, 
and  acts  powerfully  on  the  eyes  and  nose.  It  is  quite  irrespirable  in 
its  pure  form,  but  when  diluted  with  air,  it  may  be  taken  into  the 
lungs  with  safety.  Burning  bodies  are  extinguished  by  it,  nor  is  the 
gas  inflamed  by  their  approach.  Ammonia,  however,  is  inflammable 
in  a  low  degree.  For  when  a  lighted  candle  is  immersed  in  it,  the 
flame  is  somewhat  enlarged,  and  tinged  of  a  pale  yellow  colour  at  the 
moment  of  being  extinguished ;  and  a  small  jet  of  the  gas  will  bum 
in  an  atmosphere  of  oxygen.  A  mixture  of  ammoniacal  and  oxygen 
gases  detonates  by  the  electric  spark ;  water  is  formed,  and  nitrogen 
remains.  A  little  nitric  acid  is  generated  at  the  same  time,  except 
when  a  smaller  quantity  of  oxygen  is  employed  than  is  sufficient  for 
combining  with  all  the  hydrogen  of  the  ammonia.  (Dr.  Henry  in 
the  Philos.  Trans,  for  1809.) 

Ammoniacal  gas  at  the  temperature  of  60°  F.  and  under  a  pressure 
equal  to  6.5  atmospheres,  becomes  a  transparent  colourless  liquid. 
It  is  also  liquefied,  according  to  Guyton-Morveau,  under  the  com- 
mon pressure,  by  a  cold  of  70  degrees  below  zero  of  Fahrenheit ; 
but  there  is  no  doubt  that  the  liquid  which  he  obtained  was  a  solution 
of  ammonia  in  water. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  man- 
ner. Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  turmeric 
paper ;  though  the  yellow  colour  soon  reappears  on  exposure  to  the 
air,  owing  to  the  volatility  of  the  alkali.  It  combines  also  with  acids, 
and  neutralizes  their  properties  completely.  All  these  salts  suffer 
decomposition' by  being  heated  with  the  fixed  alkalies  or  alkaline 
earths,  such  as  potassa  or  lime.  These  substances  unite  with  the 
acid  of  the  salt,  and  the  ammonia  is  expelled.  None  of  the  ammo- 
niacal salts  can  sustain  a  red  heat  without  bein^  dissipated  in  vapour 
or  decomposed,  a  character  which  manifestly  arises  from  the  volatile 
nature  of  the  alkali.  If  combined  with  a  volatile  acid,  such  as  the 
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muriatic,  the  compound  itself  sublimes  unchanged  by  heat ;  but  if  it 
is  In  combination  with  ^an  acid»  such  as  the  phosphoric,  which  is  fiked 
in  the  fire,  the  ammonia  alone  is  expelled. 

Hydrogen  and  nitrogen  gases  do  not  unite  directly,  and  therefore 
chemists  iiare  no  synthetic  proof  of  the  constitution  of  ammonia.  Its 
composition,  however,  has  been  determined  analytically  with  great 
exactness.  When  a  succession  of  electric  sparks  is  passed  through 
ammoniacal  gas,  it  is  resolved  into  its  elements ;  and  the  sfmae  effect 
is  produced  by  conducting  ammonia  through  porcelain  tubes  heated 
to  redness.  The  late  A.  Berthollet  analyzed  ammonia  in  both  ways, 
and  ascertained  that  200  measures  of  that  eas,  on  beine  decomposed, 
occupy  the  space  of  400  measures,  800  of  which  are  nydrogen,  and 
100  nitrogen.  Dr  Henry  has  very  recently  made  an  analysis  of  am* 
monia  by  means  of  electricity,  and  his  experiment  proves  beyond  a 
doubt  that  the  proportions  above  given  are  rigidly  exact  (Annals  of 
Philosophy,  xxiv.  846.) 

Grains, 

Now  since  160  cubic  inches  of  hydrogen  weigh        .^     3.177 
60  nitrogen  .        .  '   14.826 

100  cubic  inches  of  ammonia  must  weigh       18.003 
and  it  is  composed  by  weight  of 

Hydrogen  3.177  3    or  three  proportionals. 

Nitrogen  14.826.         14    or  one  proportional. 

Its  equivalent,  therefore,  is  17. 

The  specific  gravity  of  ammonia,  according  to  this  calculation,  is 
0.6902,  a  number  which  agrees  closely  with  those  ascertained  directly 
by  Sir  H.  Davy  and  Dr  Thomson. 

Ammoniacal  gas  has  a  powerful  affinity  for  watc|r,  and  for  this  rea- 
son must  always  be  collected  over  mercury.  Owing  to  this  attrac7 
tion,  a  piece  of  ice,  when  introduced  into  a  jar  full  of  ammonia,  is  in- 
stantly liquefied,  and  the  gas  disappears  in  the  course  of  a  few  se- 
conds. Sir  H.  Davy,  in  his  elements,  states  that  water  at  60°  F.  and 
when  the  barometer  stands  at  29.8  inches,  absorbs  670  times  its  vol- 
ume of  ammonia;  and  that  the  solution  has  a  specific  gravity  of 
0.876.  According  to  Dr.  Thomson,  water  at  the  common  tempera- 
ture and  pressure  takes  up  780  times  its  bulk.  By  strong  compression 
water  absorbs  the  gas  in  still  greater  quantity.  Caloric  is  evolved  du- 
ring tlie  absorption,  and  a  considerable  expansion,  independently  of 
the  increased  temperature,  occurs  at  the  seme  time. 

The  concentrated  solution  of  ammonia,  commonly  though  incor- 
rectly termed  liquid  ammonia^  is  made  by  passing  a  current  of  the 
ffas,  as  lone  as  it  continues  to  be  absorbed,  into  distilled  water,  which 
18  kept  cool  by  means  of  ice  or  moist  cloths.    The  gas  may  be  pre- 

{)tfred  from  any  salt  of  ammonia  by  the  action  of  any  pure  alkali  or  alka- 
ine  earth ;  but  muriate  of  ammonia  and  lime,  from  economical  con- 
siderations, are  always  employed.  The  proportions  to  which  I  give  the 
preference  are  equal  parts  of  muriate  of  ammonia  and  well-burned  quick- 
lime ;  considerable  excess  of  lime  being  taken,  in  order  to  decompose 
the  muriate  more  expeditiously  and  completely.  The  lime  is  slaked 
bv  the  addition  of  water,  and  as  soon  as  it  has  fallen  into  powder,  it 
should  be  placed  in  an  earthen  pan,  and  covered  to  protect  it  from  Uie 
carbonic  acid  of  the  air,  till  it  is  quite  cold.  It  is  then  mixed  in  a 
mortar  with  the  muriate  of  ammonia,  previously  reduced  to  fine  pow- 
der, and  the  mixture  is  put  into  a  retort  or  other  convenient  glass 
vessel. «  Heat  is  then  applied,  and  the  temperature  gradually  in* 
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creased  as  long  as  a  free  evolution  of  gas  continues.  The  ammonia 
should  be  conducted,  by  means  of  a  Welter's  safety  tube,  into  a 
quantity  of  distilled  water  equal  to  the  weight  of  the  salt  employed. 
The  residue  consists  of  muriate  of  lime,  of  strictly  chloride  of  calcium 
and  lime. 

The  concentrated  solution  of  ammonia,  as  thus  prepared^  is  a  clear 
colourless  liquid,  of  specific  gravity  0.936.  It  possesses  the  peculiar 
pungent  odour,  taste,  alkalinity,  and  other  properties  of  the  gas  itself. 
On  account  of  its  great  volatility,  it  should  be  preserved  in  well- 
stopped  bottles,  a  measure  which  is  also  required  to  prevent  the  ab- 
sorption of  carbonic  acid.  At  a  temperature  of  130*^  F.  it  enters  into 
ebullition,.owing  to  the  rapid  escape  of  pure  ammonia ;  but  the  whole  . 
of  the  gas  cannot  be  expelled  by  this  means,  as  at  last  the  solution 
itself  evaporates.  It  freezes  at  about  the  same  temperature  as  mer- 
cury. 

The  following  table,  from  Sir  H.  Davy's  Elements  of  Chemical 
Ptiilosophy,  shows  the  quantity  of  real  ammonia  contained  in  100 
parts  of  solutions  of  different  densities,  at  69°  F.  and  when  the  bar- 
ometer stands  at  80  inches.  The  specific  gravity  of  water  is  sup- 
posed to  be  10,000  :— 

Table  of  the  quaniiiy  of  Reed  Ammonia  in  Solutions  of  different 
Denaitiea, 

100  parts  of 
sp,  gravity 

8750         contain 

8876 

9000 

9054 

9166 

i9366 


9386 


of  real 

100  parts  of 

of  real 

Ammonia 

sp.  gravity 

Ammonia 

I    '     82.6 

9436            contoin        14.63 

29.26 

9476 

13.46 

26.00 

9613 

12.40 

25.37 

9646 

11.66 

22.07 

9673 

10.82 

19.64 

9597 

10.17 

17.62 

9619 

9.60 

16.88 

9692 

9.60 

The  presence  of  free  ammoniaca]  gas  may  always  be  detected  by 
its  odour,  by  its  temporary  action  on*  the  yellow  turmeric  paper,  and 
by  forming  dense  white  fumes,  the  muriate  of  ammonia,  when  a  glass 
rod  moistened  with  muriatic  acid  is  brought  near  iu 


SECTION  11. 


COMPOWWS  OF  HYDROGEJSr  AJ^TD  CARBOJST. 

Chemists  have  for  several  years  been  acquainted  with  two  distinct 
compounds  of  carbon  and  hydrogen,  the  carburetted  hydroeen  and 
defiant  gas ;  but  the  researches  of  Mr  Faraday  have  enriched  the 
science  by  the  discovery  of  two  new  substances  of  a  similar  nature, 
and  the  same  able  chemist  has  demonstrated  the  existence  of  others, 
though  he  has  hitherto  been  unable  to  obtain  them  in  an  insulated 
form.  According  to  Dr  Thomson,  naphtha  and  naphthaline  are  like- 
wise pure  carburets  of  hydrogen.  • 
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This  gas  is  sometimes  called  Tieavy  inflammable  air,  the  inflame 
mable  air  of  marshes,  hydro-ettrburet,  and  proto-earhwet  of  hy- 
dro^en,  Dr  Thomson  proposed  the  term  of  bihydrogwei  of  carbon  ; 
but  It  is  more  generally  known  by  the  name  of  Ught  earburetted  hy* 
drogen.  It  is  formed  abundantly  in  stagnant  pools  during  the  spon- 
taneous decomposition  of  dead  vegetable  matter ;  and  it  may  readily 
be  procured  by  stirring  the  mud  at  the  bottom  of  them,  and  collecting 
the  gas,  as  it  escapes,  in  an  inverted  glass  vessel.  In  this  state  it  is 
found  to  contain  l-20th  of  carbonic  acid  gas,  which  may  be  removed 
by  means  of  lime-water  or  a  solution  of  pure  potassa,  and  I'lSth  or 
1-20  of  nitrogen.  This  is  the  only  convenient  method  of  obtain- 
ing it. 

Light  earburetted  hydrogen  is  tasteless  and  nearly  inodorous,  and  it 
does  not  change  the  colour  of  litmus  or  turmeric  paper.  Water,  ac- 
cording to  Dr  Henry,  absorbs  libout  l-60th  of  its  volume.  It  extin- 
guishes all  burning  bodies,  and  is  of  course  unable  to  support  the 
respiration  of  animals.  It  is  highly  inflammable,  and  when  a  jet  of  it 
is  set  on  fire,  it  burns  with  a  yellow  flame,  and  with  a  much  stronger 
light  than  is  occasioned  by  hydrogen  gas.  With  a  due  proportion  of 
atmospheric  air  or  otygen  gas,  it  forms  a  miiture  which  detonates 
powerfully  with  the  electric  spark,  or  by  the  contact  of  flame.  The 
sole  products  of  the  explosion  are  water  and  carbonic  acid. 

Mr  Dalton  first  ascertained  the  real  nature  of  light  earburetted  hy- 
droeen,  and  it  has  since  been  particularly  examined  by  Dr  Thomson, 
Sir  H.  Davy,  and  Dr  Henry.  When  100  measures  are  detonated  with 
rather  more  than  twice  their  volume  of  oxygen  gas,  the  whole  of  the 
inflammable  gas,  and  precisely  200  measures  of  the  oxygen  disappear, 
water  is  condensed,  and  100  measures  of  carbonic  acid  are  produced. 
From  this  it  may  be  inferred  (page  173)  that  100  cubic  jnches  of 
light  earburetted  hydrogen  contain  100  cubic  inches  of  the  vapour 
•  of  carbon  and  200  cubic  inches  of  hydrogen  gas ;  and  that  it  is  compos- 
ed by  weight  of 

Carl)on  .        .        6        or  one  proportional. 

Hydrogen       .        .        2        or  two  proportionals. 
Its  atomic  weight  is  consequently  8. 

From  the  same  data  it  follows  that  100  cubic  inches  of  light  ear- 
buretted hydrogen,  at  60°  F,  and  when  the  barometer  stands  at  30  in- 
ches, must  weigh  16.939  grains,  and  its  specific  gravity  is  therefore 
0.5554.  This  calculated  result  is  almost  identical  with  the  specific 
giavity  of  the  gas  as  determined  directly  by  Dr  Henry  and  Dr  Thom- 
son. 

Light  earburetted  hydrogen  is  not  decomposed  by  electricity,  or  by 
being  passed  through  red-hot  tubes,  unless  the  temperature  is  very 
great.  It  may  be  inferred  from  the  experiments  of  Berthollet,  and  from 
the  phenomena  that  attend  the  formation  of  oil  gas  at  high  tempera- 
tures, fliat  light  earburetted  hydrogen  Is  resolved  into  its  elements,  at 
least  in  part,  when  the  heat  is  very  intense.  It  follows  from  the 
nature  of  the  gas,  that  for  each  volume  so  decomposed,  two  volumes 
of  hydrogen  must  be  set  free. 

Chlorine  and  light  earburetted  hydrogen  do  not  act  on  each  other  at 
common  temperatures,  when  quite  dry,  even  if  they  are  exposed  to 
the  direct  solar  rays.  If  the  gases  are  moist,  and  the  mixture  is  kept 
in  a  dark  place^  still  no  action  ensues;  but  if  light  be  admitted,  parti- 
cularly sunshine,  decomposition  follows.    The  nature  of  the  products 
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depends  upon  the  proportion  of  the  gases.  If  foar  measares  of 
chlorine  and  one  of  light  carburetted  hydrogen  are  present,  carbonic 
and.  muriatic  acid  gases  will  be  produced.  For  during  this  action, 
two  volumes  of  chlorine  combine  with  two  volumes  of  hydrogen  con- 
tained in  the  carburetted  hydrogen,  and  the  other  two  volumes  of 
chlorine  decompose  so  much  water  as  will  likewise  give  two  volumes 
of  hydrogen, — which  forms  muriatic  acid;  while  the  oi^ygen  of  the 
water  unites  with  the  carbon,  and  converts  it  into  carbonic  acid.  ^  If 
there  are  three  instead  of  four  volumes  of  chlorine,  carbonic  oxide 
will  be  generated  instead  of  carbonic  acid,  because  one-half  less  water 
will  be  decomposed.  ^Dr  Heniy.)  If  a  mixture  of  chlorine  and  light 
carburetted  hydrogen  is  electrined  or  exposed  to  a  red  helit,  muriatic 
acid  is  formed,  and  charcoal  deposited. 

It  was  first  ascertained  by  Dr  Henry  (Nicholson's  Journal,  vol  xiz.), 
and  his  conclusions  have  been  fully  confirmed  by  the  subsequent  re- 
searches of  Sir  Hr  Davy,  that  the  fire-damp  of  coal  mines  consists 
almost  solely  of  light  carburetted  hydrogen.  This  gas  often  issues  in 
large  quantity  from  between  beds  of  coal,  and  by  collecting  in  mines, 
owing  to  deficient  ventilation,  gradually  mingles  with  atmospheric 
air,  and  forms  an  explosive  mixture.  The  first  unprotected  light 
which  then  approaches,  sets  fire  to  the  whole  mass,  and  a  dreadful 
explosion  ensues.  These  accidents,  which  were  formerly  so  frequent 
and  so  fatal,  are  now  comparatively  rare,  owing  to  the  employment 
of  the  safety  lamp ;  and  I  conceive  it  to  be  demonstrable,  on  the  view 
that  light  carburetted  hydrogen  is  the  sole  constituent  of  fire-damp, 
that  accidents  of  the  kind  cannot  occur  at  all,  provided  the  gauze 
lamp  is  in  a  due  state  of  repair,  and  employed  with  the  requisite  pre- 
cautions. For  this  invention  we  are  indebted  to  Sir.H.  Davy;  and  * 
-we  must  in  justice  remember  that  it  is  not,  like  many  discoveries,  the 
offspring  of  chance,  but  the  fruit  of  elaborate  experiments  and  close 
induction ;  an  invention  which  originated  solely  with  that  philosopher, 
and  which  may  be  regarded  as  one  of  the  happiest  efforts  of  his  genius. 
(Essay  on  Flame.) 

Sir  H.  Davy,  commenced  the  inquiry  by  determining  the  best  pro-  * 
portion  of  air  and  light  carburetted  hydrogen  for  forming  an  explosive 
mixture.  When  the  inflammable  gas  is  mixed  with  three  or  four 
times  its  volume  of  air,  it  does  not.ezplode  at  all.  It  detonates  feebly 
when  mixed  with  five  or  six  times  its  bulk  of  air,  and  powerfully  when 
one  to  seven  or  one  to  eight  is  the  proportion.  With  14  times  its 
volume,  it  still  forms  a  mixture  which  is  explosive ;  but  if  a  larger 
quantity  of  air  be  admitted,  a  taper  burns  in  it  only  with  an  enlarged 
name. 

The  temperature  which  is  required  for  causing  an  explosion  was 
next  ascertained.  It  was  found  that  the  strongest  explosive  mixture 
may  come  in  contact  with  iron  or  other  solid  bodies  heated  to  redness, 
or  even  to  whiteness,  without  detonating,  provided  they  are  ndt  in  a 
state  of  actual  combustioQ ;  whereas  the  smallest  point  of  flame,  owing 
to  its  higher  tempei^ture,  iqstantly  causes  an  explosion. 

The  last  important  step  in  the  inquiry  was  the  observation  that 
flame  cannot  pass  through  i^  narrow  tube.  This  led  Sir  H.  Davy  to 
the  discovery,  that  the  power  of  tubes  in  preventing  the  transmission 
of  flame  is  not  necessarily  connected  w|th  any  particular  length  ;  and 
that  a  very  short  one  will  have  the  effect,  provided  its  diameter  is  pro* 
portionally  reduced.  Thus  a  piece  of  fine  wire  gauze,  which  may  be  ' 
regarded  as  an  assemblage  of  short  narrow  tubes,  is  quite  impermeable 
to  flame ;  and  consequently  if  9  common  oH-  )atnp  he  completely  sur« 
rounded  #ith  a  cage  of  such  gauze,  it  may  be  introduced  into  an  ex« 
U  2 
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nlostTe  fttmosphere  of  fire-damp  and  air,  without  kindling  the  mixtttre. 
This  simple  contrivance,  which  is  appropriately  termed  the  safety* 
lamp,  not  only  prevents  explosion,  but  indicates  the  precise  moment 
of  danger.  When  the  lamp  is  carried  into  an  atmosphere  charged 
with  fire-damp,  the  flame  begins  to  enlarge ;  and  the  roixturet  if  highly 
explosive,  takes  fire  as  soon  as  it  has  passed  through  the  gause  and 
bums  on  its  inner  surface,  while  the  light  in  the  centre  of  the  lamp  is 
extinguished.  Whenever  this  appearance  is  'observed,  the  miner 
must  instantly  withdraw ;  for  though  the  flame  cannot  communicate 
to  the  explosive  mixture  on  the  outside  of  the  lamp,  as  long  as  the 
texture  of  the  gauze  remains  entire,  yet  the  heat  emitted  dui'iog  the 
combustion  is  so  great,  that  the  wire,  if  exposed  to  it  for  a  few  minuter, 
would  suffer  oxidation,  and  fall  to  pieces. 

The  peculiar  operation  of  small  tubes  in  obstructing  the  passage  of 
flame  admits  of  a  very  simple  explanation.  Flame  is  gaseous  matter 
heated  so  intensely  as  to  be  luminous ;  and  Sir  H.  Davy  has  shown  that 
the  temperature  necessary  for  producing  this  effect,  is  far  higher  than 
the  white  heat  of  solid  bodies.  Now  when  flame  comes  in  contact 
with  the  sides  of  very  minute  apertures,  as  when  wire  gauze  is  laid 
upon  a  burning  jet  of  coal  gas,  it  is  deprived  of  so  much  caloric  that 
its  temperature  instantly  falls  below  the  degree  at  which  gaseous 'mat- 
ter  is  luminous;  and  consequently,  though  the  gas  itself  passes  freely 
through  the  interstices,  and  is  still  very  hot,  it  Is  no  longer  incandes- 
cent. Nor  does  this  take  place  when  the  wire  is  cold  only; — the 
effect  is  equally  certain  at  any  degree  of  heat  which  the  flame  can 
communicate  to  it.  For  since  the  gauze  has  a  large  extent  of  sur- 
face, and  from  its  metallic  nature  is  a  good  conductor  of  caloric,  it 
loses  heat  with  great  rapidity.  Its  temperature  therefore,  though  it 
may  be  heated  to  whiteness,  is  always  so  far  below  that  of  flame,  as  to 
ffxert  a  cooling  influence  over  the  burning  gas,  and  reduce  its  heat 
below  the  point  at  which  it  is  incandescent. 

Ol^ant  Gas. 

This  gas  was  discovered  in  1796  by  some  associated  Dutch  chem- 
ists, who  gave  it  the  name  of  Olefiant  gas,  from  its  property  of  form- 
ing an  oHy-like  liquid  with  chloricre.  It  is  sometimes  called  bi'Car- 
huretted  or  per-earburetted  hydrogen  and  hydroguret  of  carbon  ; 
but  as  none  of  these  terms  convey  a  precise  idea  ef  its  nature,  I  shall 
employ  the  appellation  proposed  by  its  discoverers. 

Olefiant  gas  is  prepared  by  mixing  in  a  capacious  retort  six  mea- 
sures of  strong  alcohol  with  sixteen  of  concentrated  sulphuric  acid, 
and  heating  the  mixture  as  soon  as  it  is  made  by  means  of  an  Argand 
lamp.  The  acid  soon  acts  upon  the  alcohol,  effervescence  ensues, 
and  olefiant  gas  passes  over.  The  chemical  changes  which  take 
place  are  of  a  complicated  nature,  and  the  products  numerous.  At 
the  commencement  of  the  process,  the  olefiant  gas  is  mixed  only  with 
a  little  ether ;  but  in  a  short  time  the  solution  becomes  dark,  the 
focmation  of  ether  declines,  and  the  odour  of  sulphurous  acid  begins 
to  be  perceptible ;  and  towards  the  close  of  the  operation,  though 
olefiant  gas  is  still  the  chief  product,  sulphurous  acid  is  freely  disen- 
gaged, some  carbonic  acid  is  formed,. and  charcoal  in  large  quantity 
depiosited.  The  olefiant  gas  may  be  collected  either  over  water  or 
*  mercury*  The  greater  part  of  the  ether  condenses  spontaneously,  and 
the  sulphiifoue  and  carbonic  acids  may  be  separated  by  washing  the 
gM  with  liiM^water»  or*  folutioo  of  piiie  potana. 
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The  olefiant  gas  in  thia  process  is  derived  solely  from  the  aleohol ; 
and  its  production  is  owing  to  tlie  strong  affinity  of  sulpliaric  acid  for 
water.  Alcohol  is  composed  of  carbon,  hydrogen,  and  oxygen  ;  and 
from  the  proportion  of  its  elements,  it  is  inferred  to  be  a  compound  of 
14  parts  or  one  equivalent  of  olefiant  gas,  united  with  9  parts  or  one 
equivalent  of  water.  It  is  only  necessary,  therefore,  in  order  to  ob- 
tain olefiant  gas,  to  deprive  alcohol  Of  the  water  which  is  essential 
to  its  constitution,  and  this  is  effected  by  sulphuric  acid.  The  forma- 
tion of  ether,  which  occurs  at  the  same  time,  will  be  explained  here- 
after. The  other  phenomena  are  altogether  extraneous.  They  almost 
always  ensue  when  substances  derived  from  the  animal  and  vegetable 
kingdoms  are  subjected  to  the  action  of  sulphuric  acid.  They  qccut 
chiefly  at  the  close  of  the  preceding  process,  in  consequence  of  the 
excess  of  acid  which  is  then  present. 

Olefiant  gas  is  a  colourless  elastic  fluid,  which  has  no  taste,  and 
scarcely  any  odour  when  pure.  Water  absorbs  about  one-eighth  of 
its  volume.  Like  the  preceding  compound  it  extinguishes  flame,  is 
unable  to  support  the  respiration  of  animals,  and  is  set  on  fire  when 
a  lighted  candle  is  presented  to  it,  burning  slowly  with  the  emission 
of  a  dense  white  light.  With  a^  proper  quantity  of  oxygen  gas,  it 
forms  a  mixture  which  may  be  kindled  by  name  or  the  electric  spark, 
and  which  explodes  with  great  violence.  To  burn  it  completely,  it 
should  be  detonated  with  four  or  five  times  its  volume  of  oxygen. 
On  conducting  this  experiment  with  the  requisite  care.  Dr.  Henry  finds 
that  for  each  measure  of  olefiant  gas,  precisely  three  of  oxygen  dis- 
appear, deposition  of  water  takes  place,  and  two  measures  of  carbonic 
acid  are  produced.  From  these  data  the  proportion  of  its  constituents 
may  easily  be  deduced  in  the  following  manner.  Two  measures  of 
carbonic  acid  contain  two  measures  of  the  vapour  of  carbon,  which 
must  have  been  present  in  the  olefiant  gas,  and  two  measures  of  oxy- 
gen. Two-thirds  of  the  oxygen  which  disappeared  are  thus  ac- 
counted for ;  and  the  other  third  must  have  combined  with  hydrogen. 
But  one  measure  of  oxygen  requires  for  forming  water  precisely  two 
measures  of  hydrogen,  which  must  likewise  have  been  contained  in 
the  olefiant  gas.   ^It  hence  follows  that  100  cubic  inches  contain, 

Chraini, 

.  200  cubic  inches  of  the  vapour  of  carbon,  which  weigh    25.418 
200  hydrogen  gas,  which  weigh  4.236 


and  consequently 
100  cubic  inches  of  olefiant  gas  must  weigh         -        •    29.664 

Its  specific   gravity,  accordingly,  is  0.9722;    whereas  its  specific 
gravity,  as  taken  directly  by  Saussure,  is  0.9S62;  by  Heniy,  0.967,  and 
by  Thomson,  0.97. 
Olefiant  gas,  by  weight,  consists  of 

Carbon  .  26.418       ^        12,  or  two  proportionals. 

Hydrogen  .  4.236        .         2,  or  two  proportionals, 

and  its  atomic  weight  is  14. 

Olefiant  gas,  when  a  succession  of  dectric  sparks  is  passed  through 
it,  is  resolved  into  charcoal  and  hydrogen ;  and  the  latter  of  course 
occupies  twice  as  much  space  as  the  gas  from  which  it  was  derived. 
Olefiant  £as  is  decomposed  by  being  passed  through  red-hot  tubes  of 
porcelain.  The  nature  of  the  products  varies  with  the  temperature. 
by  employing;  a  very  low  degree  of  4ieftt,  it  may  probably  be  con- 
verted solely  into  carbon  and  light  carburetted  hyitfrogen ;  and  in  this 
€aM  no  tocieaae  of  volume  can  occur,  because  these  two  gases,  for 
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eqaal  bulks,  contain  the  same  quantity  of  hydrogen.  But'  if  the 
temperature  is  high,  then  a  great  increase  of  volume  takes  place,  a 
circumstance  which  indicates  the  evolution  of  free  hydrogen,  and 
consequently  the  total  decomposition  of  soime  of  the  olefiant  gas. 

Chlorine  acts  powerfully  on  olefiant  gas.  '  When  these  gases  are 
mixed  together  in  the  proportion  of  two  measures  of  the  former  to 
one  of  the  latter,  they  form  a  mixture  which  takes  fire  on  the  ap- 
proach of  flame,  and  which  burns  rapidly  with  formation  of  muriatic 
acid  gas,  and  deposition  of  a  large  quantity  of  charcoal.  But  if  the 
gases  are  allowed  to  remain  at  rest  after  being  mixed  together,  a  very 
different  action  ensues.  The  chlorine,  instead  of  decomposing  the 
olefiant  gas,  enters  into  direct  combination  with  it,  and  a  yellow 
liquid  like  oil  is  generated.  This  substance  is  sometimes  called 
chloric  ether  ;  but  the  term  hydrocarburet  of  chlorine,  as  indicative' 
of  its  composition,  is  more  appropriate. 

The  hydrocarburet  of  chlorine  was  discovered  by  the  Dutch  chem- 
ists ;  but  Dr.  Thomson*  first  ascertained  that  it  is  a  compound  of  ole- 
fiant gas  and  chlorine ;  and  its  nature  has  since  been  more  fully  elu- 
cidated by  the  researches  of  MM.  Robiquet  and  Colin.f  To  obtain 
it  in  a  pure  and  dry  state,  it  should  be  well  washed  with  water,  and 
then  distilled  from  chloride  of  calcium.  As  thus  purified,  it  is  a  co- 
lourless volatile  liquid,  of  a  peculiar  sweetish  taste  and  ethereal  odour. 
Its  specific  gravity  at  45°  F.  is  1.2201.  It  boils  at  152®  F.  and  may 
be  distilled  without  change.  Il  suffers  complete  decomposition  when 
its  vapour  is  passed  through  a  red-hot  porcelain  tube,  being  resolved 
into  charcoal,  light  carburetted  hydrogen,  and  muriatic  acid  gas. 

The  composition  of  the  hydrocarburet  of  chlorine  is  readily  in- 
ferred from  the  fact,  that  in  whatever  proportions  olefiant  gas  and 
chlorine  may  be  mixed  together,  they  always  unite  in  equal  volumes. 
Consequently  they  combine  by  weight  according  to  the  ratio  of  their 
densities  ;  so  that  the  hydrocarburet  of  chlorine  consists  of 

Chlorine  >  .  2.6  .        36«  one  proportion. 

Olefiant  gas  .  0.9722      .        14,  one  proportion. 

8.4722  60 

and  its  atomic  weight  is  50.  This  estimate  is  confirmed  by  the  ana- 
lysis of  Robiquet  and  Colin. 

The  hydrocarburet  of  chlorine  forms  a  very  dense  vapour,  its  spe- 
cific gravity,  according  to  Gay-Lussac,  being  3.4434.  This  is  so  n^ar 
the  united  densities  ofchlorine  and  olefiant  gas,  as  to  leave  no  doubt 
that  the  vapour  contains  its  own  volume  of  each  of  its  constituents. 

Dr  Henry  has  demonstrated  that  light  is  not  essential  to  the  action 
of  chlorine  on  olefiant  gas.    On  this  he  has  founded  an  ingenious  and 
perfectly  efficacious  method  of  separating  olefiant  gas  from  light  car- 
buretted hydrogen  and  carbonic  oxide  gases,  neither  of  which  is  acted  " 
on  by  chlorine  unless  light  is  present.    (Philos.  Trans,  for  1821.) 

Olefiant  gas  unites  also  with  iodine.  This  compound  was  discover- 
'  ed  by  Mr  Faraday  (Philos.  Trans,  for  1821)  by  exposing  olefiant  gas 
and  iodine,  contained  in  tl^e  same  vessel,  to  the  direct  rays  of  the  sun. 
The  hydrocarburet  of  iodme  is  a  solid  white  crystalline  body,  which 
has  a  sweet  taste  and  aromatic  odour.  It  sinks  rapidly  in  strong  sul- 
phuric acid.  It  is  fused  by  heat  and  then  sublimed  without  change, 
condensing  into  crystals,  which  are  either  tabular  or  prismatic.    On 

•  Menfbirs  of  the  Wemerian  Society,  vol.  i. 
t  Ad.  de  Ch.  et  de  Ph.  vol.  i.  and  ii. 
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exposure  to  strons  heat,  it  is  decomposed*  wd  iodine  escapes.  It 
bums,  if  held  in  the  flame  of  a  spirit  lamp,  with  evolution  of  iodine 
and  some  hydriodic  acid.  It  is  insoluble  both  in  water,  and  in  acid 
or  alkaline  solutions.  Alcohol  and  ether  dissolve  it,  and  on  evapor- 
ating the  solution  it  crystatHzes. 

The  hydrocarburet  of  iodine  is  coqiposed,  according  to  the  analysis 
of  Mr  Faraday,  (Quarterly  Journal  of  Science,  vol.  xiii.)  of 

Iodine  .        «      124        .        or  one  proportion, 

defiant  gas       .        .        14        .        or  one  proportion. 

M.  Serulias  has  also  discovered  a  compound  of  olefiant  gas  and 
Iodine.  It  has  a  yellow  colour  like  sulphur,  and  forms  scaly  crystals 
of  a  ^arly  lustre.  Though  it  differs  from  the  preceding  compound  in 
some  of  its  properties,  its  composition,  according  to  the  analysis  of  M« 
Serulias,  is  precisely  analogous.  (Annales  de  Ch.  et  de  Ph.  vol.  zx. 
and  xxii.) 

This  compound  was  originally  prepared  by  adding  potassium  to  a 
solution  of  iodine  in  alcohol ;  but  M.  Serulias  has  since  made  it  by 
mixing  a  solution  of  pure  potassa  in  alcohol  with  in  alcoholic  solution 
of  iodme.  The  object  of  both  processes  is  to  present  iodine  in  solu- 
tion to  olefiant  gas  in  a  nascent  state.  It  was  stated  in  the  section  oq 
iodine,  that  when  an  alkali,  such  as  potassa,  acts  on  that  substance, 
hydriodic  and  iodic  acids  are  generated  by  the  decomposition  of  water. 
It  has  been  mentioned,  also,  in  the  present  section,  that  pure  alcohol 
Is  a  compound  of  water  and  olefiant  gas.  Now,  when  iodine,  potassa, 
and  alcohol,  are  mixed  together,  the  Matter  is  decomposed  : — the  water 
contributes  to  the  formation  of  iodic  and  hydriodic  acids ;  while  the  ole- 
fiant gas,  instead  of  assuming  the  gaseous  form,  unites  with  iodine* 
Potassium  acts  still  more  powerfully;  because  it  is  converted  into  pot- 
assa at  the  expense  of  the  water  of  the  alcohol. 

Hydrocarburet  of  Bromine. — Tliis  compound  was  formed  by  M. 
Serulias  by  adding  one  part  of  the  hydrocarburet  of  iodine  to  two  parte 
of  bromine  contained  in  a  glass  tube.  Instantaneous  reaction  ensues, 
attended  with  disengagement  of  caloric  and  a  hissing  noise,  and  two 
compounds,  the  bromide  of  iodine  and  a  liquid  hydrocarburet  of 
bromine  are  generated.  By  means  of  water  the  former  is  dissolved-; 
while  the  latter,  coloured  by  bromine,  collects  at  the  bottom  of  the 
liquid.  The  decoloration  is  then  effected  by  means  of  caustic  potassa. 
In  order  that  the  process  should  succeed,  the  hydrocarburet  of  iodine 
must  not  be  in  excess. 

The  hydrocarburet  of  bromine,  after  being  washed  with  a  solution 
of  potassa,  is  colourless,  heavier  than  water, jrery  volatile,  of  a  pene- 
trating ethereal  odour,  and  of  an  exceedingly  sweet  taste,  which  it 
communicates  to  water  in  which  it  is  placed,  in  consequence  of  be«« 
ing  slightly  soluble  in  that  liquid.  It  becomes  solid  at  a  temperature 
between  21**  and  23°  F.  This  compound  is  identical  with  that  whieh 
M.  Balard  formed  by  letting  a  drop  of  bromine  fall  into  a- flask  full  of 
olefiant  gatf.    (An.  de  Ch.  et  Physique,  xzxlv.) 

Oil  the  Neu)  Carburets  of  Hydrogen  discovered  by 
Mr  Faraday*. 

In  the  process  of  cogipressiog  oil  gas  in  Mr  Gordon*s  apparatus^ 
during  which  operation  the  gas  is  subjected  to  a  force  equal  to  the 

•  Phllos.  TraDsactiona  for  1S25»  Part  IL  or  Annals  of  PbikMophy, 
nvlL  44. 
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presiure  of  thirty  atmospheres,  a  considerable  quantity  of  liquid 
collects,  which  retains  its  fluidity  at  the  common  atmospheric  pres« 
sure.  This'  liquid,  when  Tecently  received  from  the  vessel,  boils  at 
60^  F.  But  as  soon  as  the  more  volatile  portions  are  dissipated,  which 
happens  before  one-tenth  is  thrown  off,  the  point  of  ebullition  rises  to 
100° ;  and  the  temperature  gradually  ascends  to  250""  before  all  the 
liquid  is  volatilized.  This  indicated  the  presence  of  several  com- 
pounds, which  differ  in  volatility ;  and  Mr  Faraday  remarked  that  the 
boiling  point  was  more  constant  between  176°  and  190**  F.  than  at  any 
other  temperature.  He  was  hence  led  to  search  for  a  definite  com- 
pound in  the  fluid  which  came  over  at  that  period,;  and  at  length  by 
repeated  distillations,  and  exposing  the  distilled  liquid  to  a  temperature 
of  zero,  he  succeeded  in  obtaining  a  substance  to  which  he  has  ap- 
plied the  terra  of  bi-carburet  of  hydrogen. 

The  bi-carburet  of  hydrogen,  at  common  temperatures,  is  a  colour- 
less transparent  liquid,  which  smells  like  oil  gas,  and  has  also  a  slight 
odour  of  almonds.  Its  specific  gravity  is  nearly  0.85  at  60°  F.  At 
S2^  it  is  congealed,  and  forms  dendritic  crystals  on  the  sides  of  the 
glass.  At  zero  it  is  transparent,  brittle,  and  pulverulent,  and  is  nearly 
as  hard  as  loaf-sugar.  When  exposed  to  the  air  at  the  ordinary  tem- 
perature it  evaporates,3and  boils  at  186°.  The  density  of  its  vapour 
a^  60",  and  when  the  'barometer  stands  at  29.98  inches,  is  nearly 
2.7760. 

The  bi-carburet  of  hydrogen  is  very  slightly  soluble  in  water,  but 
it  dissolves  freely  in  fixed  and  volatile  oils,  in  ether,  and  in  alcohol, 
and  the  alcoholic  solutionjs  precipitated  by  water.  It  is  not  acted  on 
by  alkalies.  It  is  combustible,  and  burns  with  a  bright  flame  and 
much  smoke.  When  admitted  to  oxygen  gas,  so  mu(m  vapour  rises 
as  to  make  a  powerfully  detonating  mixture.  Potassium  heated  in  it 
does  not  lose  its  lustre.  On  passing  its  vapour  through  a  red-hot  tube, 
it  gradually  deposites  charcoal,  and  yields  carburetted  hydrogen  gas. 
Chlorine,  by  the  aid  of  sunshine,  decomposes  it  with  evolution  of 
muriatic  acid.  Two  triple  compounds  of  chlorine,  carbon,  and  hydro- 
gen, are  formed  at  the  same  time,  one  of  which  is  a  crystalline  solid, 
and  the  other  a  dense  thick  fluid. 

'The  bi'carburet  of  hydrogen  was  analyzed  in  two  ways.  In  the 
first,  its  vapour  was  passed  over  oxide  of  copper  heated  to  redness ; 
and  in  the  second,  it  was  detonated  with  oxygen  gas.  Carbonic  acid 
and  water  were  the  sole  products:  and  as  the  absence  of  oxygen  is 
established  by  the  inaction  of  potassium,  it  follows  that  the  bi-carburet 
consists  of  carbon  and  hydrogen  only.  Mr  Faraday  infers  from  his 
analyses,  that  100  measures  of  the  inflammable  vapour  require  750  of 
oxygen  for  complete  combustion:  that  150  measures  of  oxygen  unite 
with  800  of  hydrogen ;  and  that  the  remaining  600  combine  with  600 
of  the  vapour  of  carbon,  forming  600  measures  of  carbonic  acid  gas. 
Consequently,  100  measures  of  the  vapour  are  composed  of 
Carbon  .  (0.4166x6)  .  2.4996  .  36  six  proportions. 
Hydrogen    .      (0.0694x3)    .    0.2082     .        3      three  proportions. 

Its  atomic  weight  is  therefore  39;  and  its  specific  gravity  by  calcu- 
lation, 2.7078. 

The  second  carburet  of  hydrogen  discovered  by  Mr.  Faraday,  to 
which  he  has  not  ^iven  a  name,  was  derived  from  the  same  source  as 
the  preceding.  It  is  obtained  by  heating  Vith  the  hand  the  con- 
densed liquid  from  oil  gas,  and  conducting  the  vapour  which  escapes 
through  tubes  cooled  artificially  to  zero.  A  liquid  is  thus  procan»d» 
which  boils  by  slight  elevation  of  temperature,  and  before  the  ther- 
mometer rises  to  82°  F.  is  wholly  reconverted  into  vapoqr, 


fc 
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This  yapobr  is  highly  comhostible,  and  bums  with  a  briliiant  flame* 
Its  specific  graTily,  at  60°  F.  and  29.94  of  the  barometer,  is  about 
1.9065.  On  being  cooled  to  zero,  it  is  again  condensed,  and  the  spe- 
cific gravity  of  this  liquid  at  64°*  is  0.627 ;  so  that  among  solids  and 
liquids  it  is  the  lightest  body  known. 

Water  absorbs  the  vapour  sparingly  ;  but  alcohol  takes  it  up  in  large 
quantity,  and  the  solution  effervesces  on  being  diluted  with  water. 
Alkalies  and  muriatic  acid  do  not  affect  it.  Sulphuric  acid,  on  the 
contrary,  absorbs  more  than  100  times  its  volume  of  the  vjpour.  A 
dark  coloured  solution  is-  formed,  but  no  sulphurous  acid  is  disen- 
gaged. 

From  the  analysis  of  this  vapour,  made  by  detonating  it  with  oxy- 

fjen  gas,  Mr.  Faraday  infers  that*  each  volume  requires  six  of  oxygen 
or  complete  combustion,  and  yields  four  volumes  of  carbonic  acid. 
It  hence  follows  that  100  measures  of  the  vapour  contain  400  mea- 
sures of  the  vapour  of  carbon,  and  40Q  of  hydrogen  gas,  and  that  this 
carburet  of  hydrogen  consists,  by  weight,  of 

Carbon        .      (04166x4)    .     1.6664     .     24  .   four  proportions. 

Hydrogen  .  (0.0694x4)  .  0.2776  .  4  .  four  pioportions. 
Its  equivalent  is.therefore  28.  Its  specific  gravity  must  be  1.9440  ; 
and  Mr.  Faraday  regards  this  estimate  of  its  specific  gravity  as  nearer 
the  truth  than  that  above  stated.  The  composition  of  this  substance 
wilb  calculated  by  Dr.  Thomson  (Principles  of  Chemistry,  vol.  i.  p. 
151)  before  the  compound  itself  had  been  obtained  in  an  insulated 
form.  He  terms  it  qucidro-earburetted  hydrogen,  and  is  of  opinion 
that  it  exists  in  sulphuric  ether,  combined  with  one  equivalent  of 
water.  This  view  is  justified  by  the  proportion  in  which  the  elements 
of  ether  are  united. 

The  discovery  of  this  substance  has  established  a  fact  which  is  al- 
together new  to  chemists.  The  elements  of  the  new  carburet  are 
united  in  the  proportion  of  24  to  4,  and  those  of  olefiant  gas  in  that 
of  12  to  2 ;  that  is,  the  carbon  and  hydrog^  in  both  are  in  the  ratio 
of  6  to  1,  and  therefore  each  may^  be  regarded  as  a  compound  of 
one  atom  of  its  component  principles.  Hence  it  appears  that  two 
substances  may  be  identical  with  respect  to  the  proportion  of  their 
constituents,  and  yet  be  quite  distinct  in  their  physical  and  chemical 
properties. 

This  peculiarity  is  explicable  on  the  supposition  that  the  ultimate 
atoms  of  such  compounds  are  differently  disposed.  It  is  to  be  pre- 
sumed that  the  smallest  possible  particle  of  olefiant  gas  contains  two 
atoms  of  carbon  and  two  atoms  of  hydrogen :  and  that,  in  like  man- 
ner, an  integrant  particle  of  the  new  compound  of  Mr  Faraday  con- 
tains four  atoms  of  each  element.  Neither  of  these  substances 
could,  I  conceive,  be  formed  by  direct  union  of  a  single  atom  of  car- 
bon and  a  single  atom  of  hydrogen.  If  a  combination  of  the  kind 
were  to  occur,  a  new  compound,  different  from  any  known  at  present, 
would  be  the  result.  Such  appears  to  me  the  only  satisfactory  mode 
of  accounting  for  the  phenomena. 


*  This  statement  seems  to  require  some  explanation  ;  as  itr  is  not 
easy  to  understand  how  the  specific  gravity  of  a  liquid,  which  he- 
comes  a  vapour  at  a  temperature  below  82®,  could  be  ascertained  at  64°. 
The  fact  is  that  It  was  examined  in  a  tube  hermetically  sealed,  and, 
therefore,  under  considerable  pressure ;  in  consequence  of  which  it 
retained  its  liquid  form  at  the  temperature  above-mentioned.    B. 
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Naphtha  from  Coal  Tar. 

This  substance  is  obtained  by  the  distillation  of  coal  tar,  and  is 
termed  JVapMha  from  its  similarity  to  mineral  naphtha.  It  has  a  strong 
and  peculiar  eropyreumatic  odour,  and  is  highl^  inflammable.  Po« 
tassium  may  be  preserved  in  it  without  losing  its  lustre,  which  is  a 
sufficient  proof  that  it  contains  no  oxygen.  According  to  Dr.  Thorn* 
son,  one  measure  of  the  vapour  of  naphtha  contains  six  measures  ol 
the  vapour  of  carbon,  and  six  of  hydrogen  gas ;  or,  by  weight,  con- 
sists of  86  or  six  proportionals  of  carbon,  and  6  or  six  proportionals  of 
hydrogen. 

JVaphthaline. 

This  compound  is  likewise  derived  from  coal  tar.  If  the  distillation 
is  conducted  at  a  very  gentle  heat,  the  naphtha,  from  its  greater  vola* 
tility»  first  passes  over ;  and  afterwards  the  naphthaline  rises  in  vapour, 
and  condenses  in  the  neck  of  the  retort  as  a  white  crystalline  solid. 
(Dr  Kid  in  the  Phil.  Trans,  for  1821,  page  216.*) 

Pure  naphthaline  is  heavier  than  water,  has  a  pungent  aromatic, 
taste,  and  a  peculiar,  faintly  aromatic,  odour,  not  unlike  that  of  the 
narcissus.  It  is  smooth  and  unctuous  to  the  touch,  is  perfectly  white, 
and  has  a  silvery  lustre.  It  fuses  at  180®,  and  assumes  a  crystalline 
texture  in  cooling.  It  volatilizes  slowly  at  common  temperatures, 
and  boils  at  410°  F.  Its  vapour,  in  condensing,  crystallizes  with  re- 
markable facility  in  thin  transparent  laminae. 

Naphthaline  is  not  very  readily  inflamed  ;  but  when  set  on  fire  it 
burns  rapidly,  and  emits  a  large  quantity  of  smoke.  It  is  insoluble  in 
cold,  and  very  sparingly  dissolved  by  hot  water.  Its  proper  solvents 
are  alcohol  and  ether,  and  especially  the  latter.  It  is  likewise  soluble 
in  olive  oil,  oil  of  turpentine,  and  naphtha. 

The  alkalies  do  not  act  upon  naphthaline.  The  acetic  and  oxalic 
acide  dissolve  it,  forming  pink  coloured  solutions.  Sulphuric  acid  en- 
ters into  direct  combination  with  it,  and  forms  a  new  and  peculiar 
acid,  which  Mr  Faraday  has  described  .in  the  Philosophical  Transac- 
tions for  1826,  under  the  name  of  SulphO'tiapMhalic  acid. 

Naphthaline,  according  to  the  analysis  of  Dr  Thomson,  is  a  sesqui- 
carburet  o( hydrogen;  that  is,  a  compound  of  9  parts  or  an  equiva- 
lent and  a  half  of  carbon,  and  one  equivalent  of  hydrogen.  It  is  de- 
sirable, however,  that  this  analysis  should  be  repeated. 

The  sulpho-naphthalic  acid  is  made  by  melting  naphthaline  with  half 
its  weight  of  strong  sulphuric  acid,  when  a  red  coloured  liquid  is 
formed,  which  becomes  a  crystalline  solid  in  cooling.  The  mass  is 
soluble  in  water,  and  the  solution  contains  a  mixture  of  sulphuric  and 
sulpho-naphthalic  acids.  On  neutralizing 'with  carbonate  of  baryta, 
the  insoluble  sulphate  subsides,  while  the  soluble  sulpho-naphthalate 
remains  in  solution ;  and  on  decomposing  this  salt  by  a  quantity  of 
sulphuric  acid  precisely  sufiicient  for  precipitating  the  baryta,  pure 
sulpho-naphthalic  acid  is  obtained. 

The'  aqueous  solution  of  the  acid,  as  thus  formed,  reddens  litmus 
paper  powerfully,  and  has  a  bitter  acid  taste.  On  concentrating  by 
heat,  the  liquid  at  last  acquires  a  brown  tint,  and  if  then  taken  from  the 


*  See  also  a  paper  by  Mr  Brande  in  the  Quarterly  Journal  of  Sci- 
ence, viii.  289 ;  and  Annals  of  Philosophy,  N.  S.  vi.  136. 


CampmmdB  ofMyiifogtn  mid  Carbon*     341 

fire  beeomes  solid  as  it  cools.  If  the  eoneratntioB  is  offiwted  by  means 
of  sulphuric  acid  Id  an  exhausted  receiver,  the  acid  becomes  a  soft  white 
solid,  apparent^  dry,  and  at  length  hard  and  brittle. .  la  this  state  it  is 
cbemicaUj  united  with  water^  deliquesces  o»  eai|Misuie  to  the  air, 
but  in  dose  Teasels  underwent  no  change  during  several  months.  Its. 
taste,  besides  being  bitter  and  sour»  leaves  a  metallic  flavour  like  that 
of  cupreous  salts.  When  heated  in  a  tube  at  temperatures  belew 
212°,  it  is  fused  i^ithout  undergoing  any  other  change,  and  ciystalUzes 
from  centres  in  cooling.  When  more  strongly  heated,  water  is  ex- 
pelled, and  the  acid  appears  to  be  then  anhydrous ;  but  at  the  sara^ 
thne  it  acquires  a  red  tint,  and  a  minute  trace  of  free  sulphuric  acid 
may  be  detected,— circumstances  which  indicate  commencing  de» 
composition*  On  raising  the  temperature  still  higher,  the  red  colour 
deepens,  then  passes  into  brown,  and  at  length  the  acid  is  resolved 
into  naphthaline,  sulphurous  aeid,  and  charcoal;  but  in  order  thus  to 
decompose  all  the  acid,  a  red  heat  is  requisite. 

Sulpho-napbthalic  acid  is  readily  soluble  in  water  and  alcohol,  and  it 
also  dissolved  by  oil  of  turpentine  and  olive  oil,  in  proportions  de- 
pendent on  the  quantity  of  water  which  it  contains.  By  the  aid  of 
beat  it  unites  with  naphthaline.'  It  combines  with  alkaline  bases,  and. 
forms  neutral  salts,  which  am  called  stdphO'tiaphthalaies.  All  these 
salts  are  soluble  in  water,  and  most  of  them  in  alcohol,  and  when  exn 
posed  to  heat  in  the  open  air,  take  fire,  leaving  sulphates  or  sulphu- 
rets  according  to  circumstances. 

From  Mr  Faraday's  analysis  of  the  neutral  sulphonaphthalate  of 
baryta,  it  appears  that  78  parts  or  one  proportional  of  baryta  are  com- 
bined'with  208  parts,  or  what  may  be  regarded  as  one  equivalent,  of 
sulpho-naphthalic  acid.  These  208  parts  were  found  to  consist  nearly 
of  80  parts  or  two  equivalents  of  sulphuric  acid,  120  parts  or  twenty 
equivalents  of  carbon,  and  8  parts  or  eight  equivalents  of  hydrogen. 
It  has  not  been  demonstrated  that  sulphuric  acid  exists  as  such  in  the 
compound,  nor  is  it  known  how  Its  elements  are  arranged ;  but  from 
some  interesting  facts  noticed  by  Mr  Hennel,  to  be  mentioned  in 
the  section  on  ether,  it  appears  very  probable  that  solpho-naphtbalic 
acid  is  composed  of  two  proportionals  of  sulphuric  acid,  united  with 
twenty  of  carbon  and  eight  of  hydrogen,  the  two  latter  existing  as  a 
carburet  of  hydrogen. 

On  Coal  and  Oil  Gas. 

The  nature  of  the  inflammable  gases  derived  from  the  destructive 
distillation  of  coal  and  oil  was  first  ascertained  by  Dr.  Henry*,  who 
showed,  in  several  elaborate  and  ableuessays,  that  these  gaseous  pro- 
ducts do  not  differ  essentially  from  one  another,  but  consist  of  a  few 
well  known  compounds,  mixed  in  different  and  very  variable  propor- 
tions. The  chief  constituents  were  found  to  be  light  carburetled  hy- 
drogen and  olefiant  gases,  besides  which  they  contain  an  inflammable 
vapour,  free  hydrogen,  carbonic  acid,  carbonic  .oxide,  and  nitrogen 
gases.  The  discoveries  of  Mr  Faraday  have!  elucidated  the  subject 
still  further,  by  proving  that  there  exists  in  oil  gas,  and  by  inference 
in  coal  gas  also,  the  vapour  of  several  definite  compounds  of  carbon 
and  hydrogen,  the  presence  of  which,  for  the  purpose  of  illumination, 
is  exceedingly  important. 


*  Nicholson's  Journal  for  1806.    Philosophical  Transactions  for 
1808.  Ibid,  for  1821. 
V 
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1%e  illaniiiaUiig  power  of  the  ingrodieiiti  of  eoai  and  oil  g«i  h 
rwy  uneqiMl.  Thos  the  carbonic  oxide  and  carbonic  acid  are  poei'* 
lively  buriful;  that  it,  the  other  gases  would  **give  more  light  witboot 
them.  The  nitrogen  of  course  can  be  of  no  service.  The  hydrogen 
is  actually  prejudicial ;  because^  though  it  evolves  a  large  quantity  of 
caloric  in  burning,  it  emits  an  exceedingly  feeble  light.  The  carbu* 
rets  of  hydrogen  are  the  real  illuminating  agents,  and  the  degree  of 
light  emitted  by  these  is  dependent  on  the  quantity  of  carbon  which 
t£»y  contain..  Thus  olefiant  gas  illuminates  much  more  powerfully 
than  light  carburetted  hydrogen ;  and,  for  the  same  reason,  the  dense . 
vapour  of  the  quadrocarburet  of  hydrogen  emitsa iar  greater  quantity* 
of  light,  for  equal  volumes,  than  olefiant  gas. 

From  these  facts,  it  is  obvious  that  the  comparative  illuminating 
power  of  different  kinds  of  coal  and  oil  gas;may  be  estimated,  appioz* 
imately  at  least,  by  determining  the.  relative  quantities  of  the  denser 
carburets  of  hydrogen  which  enter  into  their  composition.  This  may 
be  done  in  three  ways.  1,  By  their  specific  gravity.  2,  By  the  re- 
lative quantities  of  oxygen  required  for  their  complete  combustion. 
3,  By  the  relative  quantity  of  ^seous  matter  condensible  by  chlerint 
in  the  dark ;  for  chlorine,  when  light  is  excluded,  condenses  all  the  hy- 
dro^carburets,  excepting  light  carburetted  hydrogen.  Of  these  me- 
thods, the  last  I  conceive  is  the  least  exceptionable*. 

The  formation  of  coal  and  oil  gas  is  a  process  of  considerable  deli- 
cacy. Coal  gas  is  prepared  by  heating  coal  to  redness  in  iron  retorts. 
The  quality  of  the  gas,  as  made  at  different  places,  or  at  the  same 
place  at  different  times,  is  very  variable ;  the  specific  gravity  of  some 
specimens  having  been  found  so  low  as  0.443,  and  that  of  others  so 
high  as  0.700.  These  differences  arise  in  part  from  the  nature  of  the 
coal,  and  partly  from  the  mode  in  which  the  process  is  conducted. 
The  regulation  of  the  degree  of  heat  is  the  chief  circumstance  in  the 
mode  of  operating,  by  which  the  quality  of  the  gas  is  affected.  That 
the  quality  of  the  gas  may  be  influenced  from  this  cause  is  obvious 
from  the  fact,  that  all  the  dense  hydro-carburets  are  resolved  by  a 
strong  red  heat  either  into  charcoal  and  light  carburetted  hydrogen,  or 
into  charcoal  and  hydrogen  gas.  Consequently  the  gas  made  at  a  very 
high  temperature,  though  its  quantity  may  be  comparatively  great, 
has  a  low  specific  gravity,  and  illuminates  feebly.  It  is,  therefore,  an 
object  of  importance  that  the  temperature  should  not  be  greater  than  is 
required  for  decomposing  the  coal  effectually,  and  that  the  retorts  be 
so  contrived  as  to  prevent  the  gas  from  passing  over  a  red-hot  surface 
subsequently  to  its  formation. 

These  remarks  apply  With  still  greater  force  to  the  manufacture  of 
oil  gas,  because  oil  is  capable  of  yielding  a  much  larger  quantity  of  the 
heavy  hydro-carburets  than  coal.  The  quality  of  oil  gas  from  the 
same  material  is  liable  to  such  great  variation  from  the  mode  of  manu- 
facture, that  the  density  of  some  specimens  has  been  found  so  low  as 
0.464,  and  that  of  others  so  high  as  1.110.  The  average  specific 
gravity  of  good  oil  gas  is  0.900,  and  it  should  never  be  made  higher. 
The  true  interest  of  the  manufacturer  is  to  form  as  much  olefiant  gas 
as  possible,  with  only  a  small  proportion  of  the  heavier  hydro-carlwrets. 
If  the  latter  predominate,  the  quantity  of  gas  derived  from  a  given 
weight  of  oil  is  greatly  diminished ;  and  a  subsequent  loss  is  experl- 

"  For  a  discussion  of  this  and  other  questions  relative  to  oil  and 
coal  gas,  the  reader  may  consult  an  essay  by  Dr  Christison  and  my« 
self  in  the  Edinburgh  Philosophical  Journal  for  1826. 
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enced  by  the  eondenntlon  of  the  inflaroiiMble  Tapoora  when  tlie  gas 

.  is  comiMresaedy  or  while  it  is  circulating  through  tlie  distributing  tUMS. 

Coal  gas,  when  first  prepared^  always  cootains  sulphuretted  bydro- 

KR,  and  for  this  leasou  roust  be  purified  before  being  distributed  for 
miog.  The  process  of  purification  consists  in  passing  the  gas  under 
Jtroog  pressure  through  nn)k  of  lime,  or  causing  it  to  descend  through 
-successive  layers  of  dry  hydrate  of  lime.  This  latter  method,  which 
is  practised  with  great  success  at  Perth  under  the  able  direction  of  Mr 
Anderfoo  of  that  city,  has.  this  advantage  over  the  former,  that  while 
it  deprives  the  gas  completely  of  sulphuretted  hydrogen,  there  is  no 
•  loss  from  absorption  of  defiant  gas  or  the  heavy  hydro-carburets,  as 
invariably  ensues  when  milk  of  lime  is  employed.  But  coal  gas,  after 
being  thus  purified,  still  retains  some  compound  of  sulphur,  most  pro- 
baibly,  as  Mr  Braode  conjectures;  sulphuret  of  carbon,  owing  to  tlie 
•presence  of  which  a  minute  quantity  of  sulphurous  acid  is  generated 
-  during  its  combustion.  Oil  gas,  on  the  contrary,  needs  no  purifies* 
tioa;'anda9'it  Is.fwe  from  all  compounds  of  sulphur,  it  does  not  yield 
any  sulphurous  acid  in  burning,  and  is  therefore  better  fitted  for  light- 
ing dwelling-houses  than  coal  gas. 

With  respect  to  the  relative  economy  of  the  two  p:ases,  I  may  ob- 
serve that  the  illuminating  power  of  oil  gas,  of  specific  gravity  0.900, 
is  about  double  that  of  coal  gas  of  0.600.  In  coal  districts,  however, 
-oil  gas  is  fully  three  times  the  price  of  coal  gas,  and  therefore  in  sucli 
jsituations,  the  latter  is  considerably  cheaper.  (Essay  above  quoted.) 
A  successful  attempt  has  been  made  by  Mr  Daniell  to  procure  a 
,gas,  similar  to  that  from  oil  in  l>eing  free  from  sulphur,  but  made  with 
cheaper  materials. '  The  substance  employed  for  this  purpose  is  a  solu- 
.tion  of  common  iesin  in  oil  of  turpentine.  The  combustible  liquid  is 
•made  to  drop  into  red-hot  retorts  io  the  same  manner  as  oil ;  and  the 
oil  of  turpentine,  which  from  its  volatility  is  driven  off  in  vapour,  is 
collected,  and  again  used  as  a  menstruum.  For  this  process  Mr 
Daniell  has  taken  out  a  patent,  and  th^l^as  so  prepared  is  employed 
by  Mr  Gordon  for  fiHing  his  portable^Yimps.  The  gas  is^  reported  to 
be  in  every  respect  equal  to  oil  gas;  but!  have  not  seeiTthe  account 
^of  any  experiments  by  which  this  is  proved.  The  gas^de  last  year, 
.by  the  late  Oil  Oas  Company  of  Edinburgh,  from  resin  liquefied  by 
heat,  and  froaa  a  solution  of  resin  in  tar,  I  found  to  be  little  superior  in 
mumiaating  power  to  good  coal  gaau 


SECTION  III. 

COMPOUJ^DS  OF  HYDROQBJf  AJSTD  SULPHUR^SUL- 
PHURETTED  HYDRO QEJV. 

The  best  method  of  preparuig  pure  sulphuretted  hydrogen  is  by 
heating  sulphuret  of  antimony  in  a  retort,  or  any  convenient  glass  fla«k, 
with  four  or  five  tiaaes  its  weight  of  strong  muriatic  add.  An  inter- 
diange  of  elements  takes  place  between  water  and  the  sulphuret  of 
antimony,  in  consequence  of  which,  sulphuretted  hydrogen,  and  the 
protoxide  of  antimony,  are  generated.  The  former  escapes  with  effer- 
vescence, while  the  latter  unites  with  muriatic  acid.  The  affinities 
which  determine  these  changes  are  the  attraction  of  hydrogen  for  sul- 
phur, of  oxygen  for  antimony,  and  of  muriatic  acid  for  protoxide  of 
antimony.    This  process  may  be  explained  differently.    Instead  of 
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witei',  mwtetie  acid  nay  b*  mappd&wi  t(»  imdergo  deeonpio^ttoii,  wd 
yiddiiif  iU  hydrogen  to  the  sofphory  wad  its  ebloiiiie'  to  the  awtrf, 
•giTO  rise  to  solphuretted  hydrogen  And  chlorMe  of  aiitimooy.  It  is 
quite  doubtAil  which  ezplanation  ie  the  true  one,  and-aecordiiigly  eene 
ehemistf  adept  one  opinion,  and  otl»f8  the  othef* 

Suijriiuretted  hydrogen  ia  also  formed  by  the  aclieo  of  sulpfaurie  or 
nuriatie  acid,  diluted  with  three  or  four  parts  of  water, 'on  'protosni- 
phnret  of  icon;  and  the  theory  of  the  phenomena  is  simiiai'  to  the  first 
of  the  two  explanations  just  mentioned.  Protosulphurat  of  iren  may 
be  procured  either  by  igniting  common  fartfn  p3rrites,  (the  dehto>-suN 
phuret  of  icon),  by  which  means  one  proportional  of  sulphur  is  ezpeH- 
ed ;  or  by  exposing  to  a  low  Ted  heat  e  mixture  of  two  parte  of  iron 
filings  and  rather  mote  than  one  of  sulphur.  Theknaterials  should  be 
placed  in  a  common  earthen  or  cast  iron  crucible,  and  be  protected  as 
much  as  possible  from  the  air  during  the  process.  The  protosul^u- 
ret  procured  from  iron  filings  and  sulphur  alwayscoAtaios'sbme  un- 
combined  iron,  and  therefore  the  gas  obtained  from  it  is  never  quite 
pure,  being  mixed  with  a  little  free  hydrogen.  Tliis,  hoWever,  for 
many  purposes,  is  quite  immaterial. 

Sulphuretted  hydrogen  is  a  colourless  gas,  and  is.  distinguiebed 
from  all  other  gaseous  substances  by  its  offensive  taste  and  odour, 
which  is  similar  to  tliat  of  putrofying  eggs,  or  the  water  of  sulplMlioas 
springs.  Under  a  pressure  of  17  atraospheros,  at  50^  F,  it  is  com- 
pressed into  a  limpid  liquid,  which  resumes  the  gaseoui  state  as  soon  as 
the  pressuro  is  removed.  '  ' 

Sulphuretted  hydrogen  is  very  injudous  to  animal  life.  According 
to  the '  experiments  of  Dupuytren  and  Tiienard,  tlw  presence  of 
l-1600th  of  sulphuretted  hydrogos  in  air,  is  instantly  fatal  to  a  small 
bird ;  l-800th  killed  a  middle-sised  dogj  and  a  horse  died  in  an  at* 
mosphere  which  contained  l*>150tfa  of  its  v6Iume. 

Sulphuretted  hydrogen  extinguishes  all  burning  bodies;  but  the 
gas  takes  fire  when  a  lighted  candle  is  immersed  in  it,  and  burtis  wlA 
a  pale  blue  fiame.  Water  and  sulphurous  add  are  the  products  of  its 
combustion,  and  sulphur  is  deposited.  With  oxygen  gas  it  forms  a 
mixture  which  detonates  by  tlie  applicatfon  of  flame  or  the  eleetrie 
spark.  K 100  measures  of  sulphuretted  hydrogen  'ai^  exploded  with 
160  of  oxygen,  the  former  is  completely  consumed,  the  oxygen  dis* 
appears,  water  is  deposited,  and  100  measures  of  sulphurous  acid  gas 
remain.  (Dr  Thomson.)  From  the  result  of  this  experiment,  the 
composition  of  sulphuretted  hydrogen  may  be  inferred  ;  for  it  is  clear, 
from  the  composition  of  sulphurous  acid,  (page  179)  that  two-thirds 
of  the  oxygen  must  have  combined  with  sulphur  ;'and,  therefore,  ^hat 
the  remaining  one-third  eontritmted  to  the  formation  of  water.  Con- 
sequently, sulphuretted  hydrogen  contains  its  own  volume  of  the  va- 
pour of  sulphur  and  of  hydrogen  gas ;  and  since 

GrahM* 
100  cubic  inches  of  the  vapour  of  sulphur  weigh  •        83.888 

100  cubic  inches  of  hydrogen  gas  weigh  •       .         2.118 

100  cubic  inches  of  sulphuretted  kydregen  gas  must  weigh  80.00$ 
and  its  specific  gravity  is  lil605. 

The  accuracy  of  this  estimate  is  confirmed  by  several  circum- 
sti^nces.  Thus,  according  to  Gay-Lussac  and  Thenard,  the  weight  of 
100  cubic  inches  of  sulphuretted  hydrogen  is  36.33  erains  ;  and  Sir 
H.  Davy  and  Dr  Thomson  found  it  somewhat  lighter.  When 
sulphur  is  heated  in  hydrogen  gas,  sulphuretted  hydrogen  is  general- 
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«d  without  tf^  change  of  TOltmie.  Od  ignltuig  plfttiDnm  wins  in  it 
hy  tfie  voltaic  appanitiM,  sulphur  is  deposited,  and  an  equal  volume  of 
pure-  hydrogen  remains.  A  similar  effect  is  produced,  though  more 
•lowly»  by  a  succession  of  eleclrie  sparks.  (Elements  of  Sir  H. 
Davy,  p.  282.)  Gay-Lussac  and  Thenard  have  civen  ample  demoo- 
•Iration  of  the  same  fiict.  Thus  on  heatiae  tin  in  sulphuretted  hy- 
drogen gas,  a  sulphoret  of  tin  is  formed;  andwhen  potassium  Is  heated 
in  it,  vivid  combustion  ensues,  with  formation  of  the  sniphuret  of 
potassium.  In  both  cases,  pure  hydrogen  is  left,  which  occupies  pre- 
cisely the  same  space  as  the  gas  from  which  it  was  derived.  (Recner- 
ches  Pbysico-Chimiques,  vol.  i.) 

•  From  the  data  afoove^  stated,  it  follows  that  sulphuretted  hydrogen 
is  composed,  by  weight,- of 

Sulphur  83.888  16       .       one  proportional. 

Hydrogen        .  2.118  1       .       one  proportional. 

•  Sulphuretted  hydrogen  has  decided  acid  properties ;  for  it  reddens 
litmus  paper,  and  forms  salts  with  alkalies.  It  is  hence  sometimes 
called  hydrosulphurie  acid.  Its  salts  are  termed  kydroMulphurett  or 
hjfdroaulphdtes.  All  the  hydrosulphurets  are  decomposed  by  muri- 
alio  or  siilphuric  acid,  and  sulphuretted  hydrogen  is  disengaged  with 
efiervescence. 

Recently  boiled  water  absorbs  its  own  volume  of  sulphuretted  hy- 
drogen, and  acquires  the  peculiar  taste  and  odour  of  sulphurous 
-springs.    The  gas  is  expelled  whhout  change  by  boiling. 

The  elements  of  sulphuretted  hydrogen  may  easily  be  separated 
from  one  another.  Thus  on  putting  a  solution  of  sulphuretted  hydro* 
•gen  into  an  open  vessel,  the  oxygen  absorbed  from  the  air  gradually 
unites  with  the  hydrogen  of  the  sulphuretted  hydrogen,  water  is  form- 
ed,  and  sulphur  deposited.  Sulphuretted  hydrogen  and  sulphurous 
acid  mutually  decompose  each  other,  with  formation  of  water  and  de- 
-pesltlon  of  sulphur.  If  a  drachm  of  fuming  nitric  acid  is  poured  into 
a  bottle  full  of  sulphuretted  hydrogen  gas,  a  bluish-white  flame  passes 
rapidly  through  the  vessel,  sulphur  and  nitrous  acid  fumes  make  their 
-appearance,  and  of  course  water  is  generated.  Chlorine,  iodine,  and 
bromine  decompose  sulphuretted  hydrogen,  with  separation  of  sulphur, 
and  formation  either  of  muriatic,  hydriodic,  or  hydrobromic  acid. 
An  atmosphere  charged  with  sulphuretted  hydrogen  gas  may  he  puri- 
fied by  means  of  chlorine  in  the  space  of  a  few  minutes. 

Sulphuretted  hydrogen,  from  its  affinity  for  metallic  substances,  is  a 
chemical  agent  of  great  importance.  It  tarnishes  gold  and  silver 
powerfully,  forming  with  them  metallic  sulphurets.  White  paint,  ow- 
ing to  the  lead  which  it. contains,  is  blackened  by  it ;  and  the  salts  of 
nearly  all  the  common  metals  are  decomposed  by  its  action.  In  most 
cases,  the  hydrogen  of  the  sulphuretted  hydrogen  combines  with  the 
oxygen  of  the  oxide,  and  the  metal  unites  with  the  sulphur. 

Sulphuretted  hydrogen  is  readily  distinguished  from  other  gases  by 
its  odour.  The  most  delicate  chemical  test  of  its  presence  is  carbon- 
ate of  lead  (white  paint]  mixed  with  water  and  spread  upon  a  piece 
of  white  paper.  So  minute  a  quantity  of  sulphuretted  hydrogen  may 
by  this  means  be  detected,  that  one  measure  of  the  gas  mix^d  wkh 
20,000  times  its  volume  of  air,  hydrogen,  or  carburetted  hydrogen, 
gives  a  brown  stain  to  the  whitened  surface.  (Dr  Henry.) 

Bisutphuretted  Hydrogen. 

Though  Scheele  discovered  this  compound.  It  was  first  particularly 
described  by  Berthollet.    (An.  de.  Chhnie,  vol.  xxv.)    It  may  be  made 
V  2 
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coD?eBl6atly  by  boUiog  eqval  puts  of  ffeeeoH^  «lftM  line  and  flov«v« 
of  iulpbur  with  five  or  six  of  water^  wheo  •  4oop  onuEkgo-yellow  ioltt* 
tioa  is  formed,  which  coataios  a  hydfosulphuret  of  lime  widi  exeeee 
of  sulphur.  On  pouring  this  liquid  into  strong  muriatic  acid,  copioife 
deposition  of  sulphur  takes  place  ;  and  the  cieater  part  of  the  sulphii- 
retted  hydrogen,  instead  of  escaping  with  effervescence,  is  vetaieed  by 
the  sulphur.  Ailer  some  miaotes,  a  yeUowbh  semifluid  matter  lil«e 
oil  collects  at  the  bottom  of  the  vessel,  which  is  bUulphwreited  Ay- 
dr^en. 

From  the  facility  with  which  this  substance  resolves  itself  into 
sulphur  and  sulphuretted  hydrogen,  its  history  is  imperfect,  and  in 
some  respects  obscure.  It  is  viscid  to  the  touch,  and  has  the  peculiar 
odour  and  taste  of  sulphuretted  hydrogen,  though  in  a  slighter  degree* 
It  appears  to  possess  the  properties  ofan  acid;  for  it.  unites  with  aUca* 
lies  and  the  alkaline  earths,  forming  sails  which  are  termed  $ulphU' 
reUed  kydrotulphurets.  Recording  to)Mr  Dalton,  the  bi-sulphuretted 
hydrogen  consists  of  one  equivalent  of  hydrogen  and  two  equivalents 
of  sulphur;  and  consequently  its  combining  proportion  is  33.  This 
view  of  its  composition  is  corroborated  by  Mr  Herschers  analysis  of 
the  sulphuretted  hydioeulphuret  of  lime,  (Edinburgh  Philos.  Journal* 
vol.  i.  p.  13.) 

The  salts  of  bisulphufetted  hydrogen  may  be  prepared  by  digesting 
sulphur  in  solutions  of  the  alkaline  or  earthy  hydrosulphorets.  They 
are  also  generated  when  alkalies  or  alkaline  earths  are  boiled  with  sul- 
phnr  and  water ;  foot  in  this  case,  another  salt  is  formed  at  the  same 
time.  Thus,  on  boiling  together  lime  and  sulphur,  as  in  the  preceding 
process,  the  only  mode  by  which  sulphuretted  hydrogen  can  be  form- 
ed at  all,  is  by  &e  decomposition  of  water;  but  since  no  oxygen  es» 
capes  during  the  ebullition,  it  is  manifest  that  the  elements  of  that 
liquid  must  have  combined  with  separate  portions  of  sulphur,  and  have 
formed  two  distinct  acids.  One  of  these,  in  all  probability,  is  hypo- 
tttlphurous  acid ;  and  the  other  Is  sulphuretted  hydrogen. 

The  salts  of  bisulphoretted  hydrogen  absorb  oxygen  from  the  air,  and 
pass  gradually  into  hyposulphites.  A  similar  change  is  speedily  ef- 
fected by  the  action  of  sulphurous  add.  Dilute  muriatic  and  sul- 
phuric acids  produce  in  them  a  deposition  of  sulphur,  and  evoluUnn 
of  sulphuretted  hydrogen  gas. 


SECTION  IV. 

HYDROQEJ^MTD  SELEJVIUM'--HYJ)ROSELEMO 
,       ACW, 

Selenium,  like  sulphur,  forms  a  gaseous  compound  with  hydrogen, 
which  has  distinct  acid  properties,  and  is  termed  BeleniwretUd  kjf* 
drogen,  or  hydrogeUme  add.  This  gas  is  disengaged  when  muriatic 
acid  is  added  to  a  concentrated  solution  of  any  hydroseleniate.  It 
may  also  be  procured  by  heating  the  seleniuret  of  iron  in  muriatic  acid. 
By  decomposition  of  water,  oxide  of  iron  and  hydroselenic  acid  are 
generated ;  and  while  the  former  unites  with  muriatic  acid,  the  latter 
escapes  in  the  form  of  gas. 

Hydroselenic  add  gas  is  colourless.  Its  odour  is  at  first  simihir  to 
that  of  sulphuretted  hydrogen ;  but  it  afterwards  irritates  the  Uning 


wenbffMie  of  (benose.powerfiiUy,  exf^tosMtanM  tymploiiM,  mKl  ile* 
ftroys  for  some  hoiira  (be  Beom  of  flmelKog.  It  it  atoorbed  freely  by 
water,  formiog  a  colourless  Bolation»  which  reddens  litmus  paper,  a|id 
givee  a  browa  stain  to  (he  skio^  The  acid  is  soon  decomposed  by  ok- 
posHre  to  the  atmosphere ;  for  the  oxygen  of  the  air  unites  with  the 
hydrogen  of  the  hydroselenic  acid,  and  selenium,  in  the  form  of  a  red 
fKiwder,  subsides. 

-  All  the  salts  of  the  common  metals  are  decomposed  by  hydroselenic 
acid.  The  hydrogen  of  that  acid  combines  with  tlie  oxygen  of  the 
oxide,  and  a  seleniuret  of  the  metal  is  generated. 

Hydroselenic  acid  gas  is  composed,  according  to  the  analysis  of 
BeixeUuSy  of  one  eqiiivalea(  of  eac^  of  its  constituents. 


SECTION  V. 

CpMPOUJVDS  OF  HrDROQEJV  JSU>rD  PHOSPHOMUS. 

^  Of  all  the  compounds  to  which  chemUts  have  directed  their  atten- 
tion, the  constitution  of  none  is  less  perfectly  understood  than  those 
which  form  the  subject  of  this  section.  It  has  been  usual  to  enu- 
merate two  compounds  of  hydrogen  and  phosphorus  under  the  names 
of  per  and  proto-phosphuretted  hydrogen,  the  former  being  thought 
to  contain  a  greater  proportional  quantity  of  phosphorus  than  the  lat- 
ter. For  the  sake  of  distinction  I  shall  continue  to  apply  these  terms 
in  the  usual  manner ;  but  it  will  soon  appear,  that  the  propriety  of  the 
nomenclature  is  exceedingly  doubtful. 

Perpho$phuretted  Hydrogen,  The  gas,  to  which  this  name  is  ap- 
plied, was  discovered  in  the  year  1783  by  M.  Gengembre,  and  has 
since  been  particularly  examined  by  Mr  Dalton,  Dr  Thomson,  M.  Du- 
mas, and  Professor  H.  Rose.  It  may  be  prepared  in  several  ways. 
The  first  method  is  by  heating  phosphorus  in  a  strong  solution  of  pure 
potassa.  The  second  consists  in  heating  a  mixture  made  of  small 
pieces  of  phosphorus  and  recently  slaked  lime,  to  which  a  quantityof 
water  is  added  sufficient  to  give  it  the  consistence  of  thick  paste.  The 
third  method  is  by  the  action  of  dilute  muriatic  acid,  aided  by  mode- 
rate heat,  on  phosphuret  of  lime.  In  these  processes,  three  com- 
pounds of  phosphbrus  are  generated ; — phosphoric  acid,  hypophospho- 
rous  acid,  and  perphosphureCted  hydrogen — all  of  which  are  produced 
by  the  decomposition  of  water,  and  the  union  of  its  elements  with  sepa- 
rate portions  of  phosphorus.  The  last  method  appears  to  yield  (he 
purest  gas. 

The  gas  obtained  by  either  of  these  processes  is  said  by  Mr  Daltoa 
to  be  generally,  and  by  M.  Dumas  to  be  always,  mixed  with  variable 
proportions  of  hydrogen ;  but  Rose  denies  that  free  hydrogen  ras  is 
evolved,  except  when  the  heat  is  so  great  as  to  decompose  the  hypo- 
phosphite,  a  temperature  which  is  never  attained  so  long  as  the  materi- 
als are  moist.  It  has  a  peculiar  odour,  resembling  that  of  garlic,  and  a 
bitter  taste.  Its  specific  gravity,  according  to  Dr  Thomson,  is  0.9027, 
according  to  Dalton  l.i  nearly,  and  1.761  according  to  Dumas.  It 
does  not  support  flame  or  respiration. 

Recently  boiled  water,  according  to  Dalton,  absorbs  fully  one- 
eighth  of  its  bulk  of  this  gas,  most  of  which  is  again  expelled  by  boil- 
ing or  agitation  with  other  gases ;  but  Dr  Thonvion  states  that  water 
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lakes  op  only  mboiif  il^e  per  cent  of  Us  voliine.  The  aqoeont  aolu* 
tion  does  not  redden  litmus-ptper,  nor  does  the' gas  itself  possess  any 
of  the  properties  of  acids.  The  gas  is  freely  and  completely  absorbed 
by  a  solution  of  sulphate  of  copper  or  chloride  of  lime,  by  which 
means  its  purity  may  be  ascertained,  and  the  presence  of  hydrogen 
detected. 

The  most  remarkable  character  of  this  compound,  by  which  it  is 
distinguished  from  all  other  gases,  is  the  spontaneous  combustion 
which  it  undergoes  when  mixed  with  air  or  oxygen  gas.  If  the  k>eak 
of  the  retort  from  which  it  issues  is  plunged  under  water,  so  that  suc- 
cessive hubbies  of  the  gas  may  arise  through  the  liquid,  a  very  beau- 
tiful appearance  takes  place.  £a<;)i  bubble,  on  reaching  the  sutfoce 
of  the  water,  bursts  into  flame,  and  forms  a  ring  of  dense  white  smoke, 
which  enlarges  as  it  ascends,  and  retains  its  shape,  if  the  air  is  tran- 
quil, until  it  disappears,  if  received  in  a  vessel  of  oxygen  gas,  the 
entrance  of  each  bubble  is  instantly  followed  by  a  strong  concussion, 
and  a  flash  of  white  light  of  extreme  intensity.  The  product  of  the 
combustion  in  both  cases  is  phosphoric  acid  and  water.  Mr  Dalton 
observed  that  it  may  be  mixed  with  pure  oxygen  in  a  tube  of  three- 
tenths  of  an  inch  in  diameter  without  taking  fire  ;  but  the  mixture  de- 
tonates when  an  electric  spark  is  transmitted  through  it. 

In  consequence  of  the  combustibility  of  phosphuretted  hydrogen, 
it  would  be  hazardous  to  mix  it  in  any  quantity  with  air  or  oxygen 
gas  in  close  vessels.  For  the  same  reason  care  is  necessary  in  the 
formation  of  this  gas,  lest,  in  mixing  with  the  air  of  the  apparatus,  an 
explosion  ensue,  and  the  vessel  burst.  The  chance  of  such  an  acci- 
dent is  avoided,  when  phosphuret  of  lime  is  used,  by  filling  the  flask 
or  retort  entirely  with  dilute  acid  ;  and  in  either  of  the  other  processes, 
by  causing  the  phosphuretted  hydrogen  to  be  formed  slowly  at  first,  ip 
order  that  the  oxygen  gas  within  the  apparatus  may  be  gradually  con- 
sumed. A  very  simple  method  of  averting  all  danger  has  been  lately 
mentioned  to  me  by  Mr  Graham.  It  consists  in  moistening  the  inte- 
rior of  the  retort  with  one  or  two  drops  of  ether,  the  vapour  of  which, 
when  mixed  with  atmospheric  air  even  in  small  proportion,  effectually 
prevents  the  combustion  of  phosphuretted  hydrogen. 

Perphosphuretted  hydrogen  gas  Is  resolved  into  its  element  by  ex- 
posure io  strong  heat,  or  by  successive  sparks  of  electricity ;  and  when 
sulphur  is  volatilized  in  this  gas,  the  phosphuretted  is  converted  into 
sulphuretted  hydrogen.  Dr  Thomson  states  that  the  pure  hydrogen 
in  the  former  case,  and  in  the  latter  the  sulphuretted  hydrogen,  retain 
precisely  the  same  volume  as  the  gas  from  which  they  were  derived. 
He  hence  infers  that  the  phosphuretted  hydrogen  contains  its  own 
volume  of  hydrogen  gas ;  but  this  fact  is  disputed  by  other  chemists, 
and  particularly  by  M.  Dumas,  who  finds  that  100  measures  ot  the 
former  contain  150  of  the  latter.  (An.  de  Ch.  et  Phy.  xxxi.  153.) 
The  quantity  of  oxygen  required  to  effect  the  complete  combustion  of 
phosphuretted  hydrogen,  that  is,  to  convert  it  into  water  and  phos- 
phoric acid,  is  also  uncertain.  Dahon  and  Dumas  agree  in  the  opin- 
ion that  phosphuretted  hydrogen  requires  twice  its  volume  for  this 
purpose ;  while  Dr  Thomson  states  that  only  one  and  a  half  times  its 
volume  are  requisite. 

When  perphosphuretted  hydrogen  is  allowed  to  stand  for  a  few  days 
over  water,  it  deposites  part  of  its  phosphorus  without  change  of  vol- 
ume, and  ceases  to  be  spontaneously  combustible  when  mixed  with 
atmospheric  air.  According  to  Dr  Thomson  the  perphosphuretted  hy- 
drogen parts  with  l-4th  of  its  phosphorus  under  these  circumstances, 
and  a  peculiar  gas,  which  he  has  called  9ub'pJu>»phuretted  hydrogtn. 
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Is  generated ;  but  M.  Duiom  mtinteiiu  tbtt  l-8d  of  the  phosphorus  Is 
deposited,  and  that  the  new  gas  is  identical  with  protophosphuretted 
hydrogen. 

Perphosphuretted  hydrogen,  according  to  Dr  Thomson,  is  composed 
of  1  part  of  hydrogen  to  12  of  phosphorus ;  the  proportion  as  stated 
by  Rose  is  as  1  to  10.52 ;  and  according  to  Dumas,  it  is  as  1  to  16.1. 
Such  results,  it  is  manifest,  prove  nothing  but  the  uncertainty  of  our 
chemical  knowledge  relatire  to  this  sobject.  They  likewise  Justify 
the  doubt  formerly  expressed  of  the  constitution  of  phosphoric  and 
pfabsphorous  adds,  as  stated  by  Dr  Thomson,  (page  187) ;  for  his 
<^inion  is  founded  on  his  ezperimetits  on  perphosphuretted  hydrogen 
gas. 

Pratophnphmttted  Hydrogen,  The  compound  hitherto  known 
by  this  name  was  discovered  in  1812  by  Sir  H.  Davy.  It  is  a  colour- 
less gas,  of  a  disagreeable  odour,  though  less  fetid  than  the  foregoiof. 
Water  absorbs  about  one-eighth  of  its  vohime.  It  does  not  take  fira 
•pontaneously  when  mixed  with  air  or  oxygen  gas  at  common  tern- 

Kratures ;  but  the  mixture  detonates  with  the  electric  spark,  or  wlien 
ated  to  800^  F.  Admitted  into  a  vessel  of  chlorino,  it  taflamee  in« 
stantly  and  emits  a  white  light,  a  property  which  it  possesses  in  com« 
mon  with  perphosphuretted  hydrogen.  Its  specific  gravity  is  esti* 
mated  by  Dr  Thomson  at  0.9722 ;  but  M.  Dumas  found  it  to  he  1.214. 

This  gas  was  prepared  by  Sir  H.  Davy  by  exposing  to  heat  in  a  re- 
tort the  solid  hydrate  of  phosphorous  acid,  (page  189) ;  and  the 
same  gas  is  evolved  by  treating  the  hydrous  hypophosphorous  acid 
in  the  same  manner.  It  is  also  formed,  according  to  Dumas^  hy  the 
action  of  concentrated  muriatic  acid  on  phosphuret  of  lime ;  and  like- 
wite  by  the  spontaneous  decomporitien  of  peiphosphuretted  hydros 
Ipen  gas. 

Dr  Thomson  states  that  when  sulphur  is  heated  in  100  measmet 
ai  protophosphuretted  hydrogen  gas,  sulphuret  of  phosphorus,  anA 
S00\neasures  of  sulphuretted  hydrogen  are,  generated ;  and  he  henee 
Infers,  that  the  protophosphuretted  hydrogen  contains  twice  its  volumo 
bf  hydrogen  gas.  Dumas,  however,  declares  that,  Uke  perphoq>hu* 
Tetted  hydrogen,  it  contains  one  and  a  half  times  its  volume  of  hydrogen. 
According  to  both  chemists  it  requires  twice  its  volume  of  Qsygen  gaa 
for  Coixverting  its  elements  into  phosphoric  acid  and  watei^  llie  pro- 
pettion  of  its  elements  is  said  by  Dr  Thomsoin  to  be  \  part  of  hydro^ 
gen  to  6  of  phosphorus ;  while  according  to  Domas  this  ratio  is  as  1 
lo  16.79. 

The  uncertainty  existing  with  respect  to  tho  composition  of  tbio 
compoand,  has  been  much  increased  by  a  statement  made  by  Rose  in 
his  late  essay  on  the  combinations  of  phosphorus,  and  supported  by 
numerous  experiments.  (PoggendorJT's  Annalen,  vili.  192)..  Hfo 
declares  that  the  gas  evolved  during  the  decomposition  of  hydrated 
phosphorous  acid  by  heat,  though  hitherto  regarded  as  protophosphu* 
retted  hydrogen,  contains  a  larger  proportional  quantity  of  phosphorus 
than  the  perphosphuretted  hydrogen.  One  specimen  was  composed 
of  1  part  of  hydrogen  to  21  of  phosphorus;  but  the  constitution  of 
the  gas  is  variable,  according  as  Uie  heat  is  applied  slowly  or  rapidly. 
A  similar  compound  is  formed,  accordiog  to  Rose>  during  the  decom- 
position  by  heat  of  bypophosphoroos  acid. 
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SECTION  VI. 

OOMPOUJ^DS  OF  J^lTROGEJSr  AJTD  CARBON. 

Bicarburet  ofNitrogeny  or  Cyanogen  Gas. 

CyanofceD  gas,  the  discovery  of  which  was  made  in  1815  by  M.  Gay- 
Lussac,  (Annates  de  Chnnie,  vol.  zcv.)  is  prepared  by  heating  the 
cyanuret  of  mercury,  carefully  dried,  in  a  small  glass  retort,  by  means 
of  a  spirit  lamp.  This  cyanuret,  which,  on  the  suppostlion  of  its  being 
«  compound  of  the  oxide  of  mercury  and  prussic  acid,  was  formeiiy 
called  prussiate  of  mercury ^  is  in  reality  composed  of  metallic  roer* 
cory  and  cyanogen.  On  exposing  it  to  a  low  red  heat,  it  Iff  resolved 
into  its  elements.  The  cyanogen  passes  over  in  the  form  of  gas,  and 
the  metallic  mercury  is  sublimed.  The  retort,  at  the  close  of  the  pro- 
cess, contains  a  small  residue  of  charcoal,  derived  from  the  cyanogea 
itself,  a  portion  of  which  is  decomposed  by  the  temperature  employed 
in  its  formation ;  but  Gay-Lussac  states  that  no  free  nitrogen  is  dis- 
engaged till  towards  the  close  of  the  process. 

Cyanogen  gas  is  colourless,  and  has  a  strong  pungent  and  very  pe- 
cnliar  odour.  At  the  temperature  of  45**  F.  and  under  a  pressure  of 
S.e  atmospheres,  it  is  a  limpid  liquid,  which  resumes  the  gaseoaa  form 
when  the  pressure  is  removed.  It  extinguishes  burning  bodies;  but 
It  is  inflammable,  and  bums  with  a  beautiful  and  characteristic  purple 
flame.  It  can  support  a  strong  heat  without  decomposition;  Water^ 
at  the  temperature  of  60"  F,  absorbs  4.5  times,  and  alcohol  23  times 
its  volume  of  the  gas.  The  aqueous  solution  reddens -litmvs  paper ; 
but  this  effect  is  not  to  be  ascribed  to  the  gas  itself,  but  to  the  pre- 
tence of  acids  which  are  generated  by  the  mutual  decompositK>n  of 
cyanogen  and  water*. 

The  composition  of  cyanogen  may  be  determined  by  nuxhig  that 
gas  with  a  due  proportion  of  oxygen,  and  inflaming  the  mixture  by 
electricity.  Gay-Lussac  ascertained  in  this  way  that  100  measures  of 
■cyanogen  require  200  of  oxygen  for  complete  combustion,  that  so 
water  Is  formed,  and  that  the  products  are  200  measures  of  carbonic 
ficid  gas  and  100  of  nitrogen.  Hence  it  follows  that  cyanogea  con- 
tains Its  own  bulk  of  nitrogen,  and  twic«  its  volume  of  the  vapour  of 
earboD.    Consequently,  sinee 

Oraitu,, 
100  cubic  inches  of  nitrogen  gas  weigh  .  .  29.652 

200  the  vapour  of  carbon  weigh  •  25.418 

100  cubic  inches  of  cyanogen  gas  must  weigh  55.070 

And  it  consists  by  weight  of 

Nitrogen  .  29.652        .        14  one  equivalent.. 

Carbon  .  25.418   '    .        12        .        two  equivalents. 

The  specific  gravity  of  a  gas  so  constituted  is  1.8054;  whereas  Gay- 
Lussac  found  it,  by  weighing,  to  be  1.8064. 

Cyanogen,  from  this  view  of  its  composition.  Is  a  Hcarburet  of  nt- 


*  y suquelin,  in  the  Annales  de  Ch.  et  de  Ph.  vol.  iz. ;  or  Annals  of 
Philosophy,  vol.  zui. 
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tfogen;  but  for  the  sake  of  convenience  I  ihall  employ  the  term 
effonogen,  proposed  by  its  discoverer*.  All  (he  compounds  of  cyano- 
gen, which  are  not  acid,  are  called  ryanurets  or  cyanides. 

Cyanogen,  though  a  compound  body,  has  a  remarkable  tendency  to 
combine  with  elementary  substances.  Thus  it  is  capable  of  uniting 
with  the  simple  non-metallic  bodies,  and  evincing  a  strong  attractioo 
for  metals.  When  potassium,  for  instance,  is  heatecl  in  cyanogen  gas» 
such  an  energetic  action  ensues,  that  the  metal  becomes  incandescent, 
and  a  cyanuret  of  potassium  is  generated.  The  affinity  of  cyanogen 
fbr  metallic  oxides,  on  the  contrary,  is  comparatively  feeble.  It  en* 
ters  into  direct  combination  with  a  few  alkaline  bases  only,  and  these 
compounds  are  by  no  means  permanent.  From  these  remarks  it  is 
apparent  that  cyanogen  has  no  tiaim  to  be  regarded  as  an  acid. 

Hydrocyanic  or  Prussic  Acid. 

'  Prussic  acid  was  discovered  in  the  year  1782  by  Scheele,  and  Ber* 
thoUet  afterwards  ascertained  that  it  contains  carbon,  nitrogen,  and 
hydrogen ;  but  Gay-Lussac  first  procured  it  in  a  pure  state,  and  by  the 
discovery  of  cyanogen  was  enabled  to  determine  its  real  nature.  The 
substance  prepared  by  Scheele  was  merely  a  solution  of  prussic  acid 
in  water. 

Pure  hydrocyanic  or  prussic  acid  may  be  prepared  by  heating  cyanu- 
ret of  mercury  in  a  glass  retort  with  two-thirds,  of  its  weight  of  con- 
centrated muriatic  acid.  By  an  interchange  of  elements  similar  to 
diat  which  was  explained  in  the  first  process  for  forming  sulphuretted 
hydrogen  (p.  243),  the  cyanogen  of  the  cyanuret  unites  with  the  hy- 
drogen either  of  water  or  muriatic  acid,  forming  hydrocyanic  acid ; 
while  a  solution  of  corrosive  sublimate  remains  in  the  retort.  The 
vapour  of  hydrocyanic  acid,  as  it  rises,  is  mixed  with  moisture  and 
muriatic  acid.  It  is  separated  from  the  latter  by  being  conducted 
through  a  narrow  tube  over  fragments  of  marble,  with  the  lime  of 
which  the  muriatic  acid  unites.  It  is  next  dried  by  means  of  the  chlo- 
ride of  calcium,  and  is  subsequently  collected  in  a  tube  surrounded 
with  ice  or  snow. 

Vauquelin  proposes  the  following  process  as  affording  a  more  abun- 
dant product  than  the  preceding.  It  consists  in  filling  a  narrow  tube, 
placed  hbrizontally,  with  fragments  of  the  cyanuret  of  mercury,  and 
causing  a  current  of  sulphuretted  hydrogen  gas  to  pass  slowly  along  it. 
The  instant  that  gas  comes  in  contact  with  the  cyanuret,  double  de- 
composition ensues,  and  hydrocyanic  acid  and  a  black  sulphuret  of 
mercury  are  generated.  The  progress  of  the  sulphuretted  hydrogen 
along  the  tube  may  be  distinctly  traced  by  the  change  of  colour,  and 
the  experiment  may  be  closed  as  soon  as  the  whole  of  the  cyanuret 
has  become  black.  It  then  only  r^ains  to  expel  the  hydrocyanic 
acid  by  a  gentle  heat,  and  collect  it  la  a  cool  receiver.  This  process 
is  elegant,  easy  of  execution,  and  productive. 

Pure  hydrocyanic  acid  is  a  limpid  colourless  fluid,  of  a  strong  odour, 
similar  to  that  of  peach-blossoms.  It  excites  at  first  a  sensation  of 
coolness  on  the  tongue,  which  is  soon  followed  by  heat ;  but  when 
diluted,  it  has  the  flavour  of  bitter  almonds.  Its  specific  gravity  at 
45**  F.  is  0.7058.  It  is  so  exceedingly  volatile,  that  its  vapour  during 
warm  weather  may  be  collected  over  mercuty.    Its  point  of  ebullition 

*  From  n^Atot,  blue,  and  ytftcMf  I  generate;  because  it  is  an  essen- 
tial ingredient  of  Prussian  blue. 
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•  79"  F»  and  at  sero  It  congeals.  When  a  drop  of  it  ii  placed  on  « 
piece  of  glass,  it  becomes  solid ;  because  the  cold  produced  by  the 
evaporation  of  one  portion  is  so  great  as  to  freexe  the  remainder.  It 
unites  with  water  and  alcohol  in  every  proportion. 

Pure  hydrocyanic  acid  is  a  powerful  poiaoo,  producing  in  poisonoue . 
doses  insensibility  and  convulsions,  which  are  speedily  followed  by 
death.  A  single  drop  of  it  placed  on  the  tongue  of  a  dog  causes  death 
in  the  course  of  a  very  few  seconds ;  and  small  animals^  when  confined 
in  its  vapour,  are  rapidly  destroyed.  On  inspiring  the  vapour,  diluted 
with  atmospheric  air,  headach  and  giddiness  supervene ;  and  for  this 
reason  the  pure  acid  should  not  be  made  in  close,  apartments  during 
warm  weather.  The  distilled  water  from  the  leaves  of  the  Pnintis 
lauro-eeratus  owes  its  poisonous  quality  to  the  presence  of  this  acid« 
Itf  effects  are  best  counteracted  by  diffusible  stimulants,  and  of  such 
remedies,  solution  of  ammonia  appears  to  be  the  most  beoeficiaJ. 

Pure  hydrocyanic  acid,  even  when  excluded  from  air  and  moisture, 
is  very  liable  to  spontaneous  changes,  owing  to  the  tendency  of  its 
dements  to  form'new  combinations.  These  changes  sometimes  com* 
mence  within  an  hour  after  the  acid  is  made,  and  it  can  rarely  be  pre- 
served for  more  than  two  weeks.  The  commencement  of  decompo- 
sition is  marked  by  the  liquid  acquiring  a  reddish-brown  tinge.  The 
colour  then  gradually  deepens,  a  matter  like  charcoal  subsides,  and 
ammonia  is  generated.  On  analyzing  the  black  matter,  it  was  found 
to  contain  carbon  and  nitrogen.  The  acid  may  be  preserved  for  a 
longer  period  if  diluted  with  water,  but  even  then  it  undergoes  gradual 
decomposition. 

Hydrocyanic  acid  reddens  litmus  paper  feebly,  and  unites  with  most 
alkaline  bases,  forming  salts  which  are  termed  pru8$iates  or  hydros 
cyanates.  It  is  a  weak  acid ;  for  it  does  not  decompose  the  carbon- 
ates, and  no  quantity  of  it  can  destroy  the  alkaline  reaction  of  potassa. 
Its  salts  are  poisonous ;  they  are  all  decomposed  by  carbonic  acid,  and 
have  the  odour  of  hydrocyanic  acid,  a  character  by  which  the  hydro- 
cyanates  may  easily  be  recognised. 

Hydrocyanic  acid  is  resolved  by  galvanism  into  hydrogen  and  cy- 
anogen, the  former  of  which  appears  at  the  negative,  and  the  latter  at 
^e  positive  pole.  When  its  vapour  is  conducted  through  a  red-hot 
porcelain  tube,  partial  decomposition  ensues.  Charcoal  is  deposited^ 
and  nitrogen,  hydrogen,  and  cyanogen  gases  are  set  at  liberty;  but 
the  greater  part  of  the  acid  passes  over  unchanged.  Electricity  pro- 
duces a  similar  effect.  The  vapour  of  hydrocyanic  acid  takes  fire  on 
the  approach  of  flame ;  and  with  oxygen  gas  it  forms  a  mixture.which 
detonates  with  the  electric  spark.  The  products  of  the  combustion 
are  nitrogen,  water,  and  carbonic  acid. 

The  composition  of  hydrocyanic  acid  is  shown  by  the  following 
simple  but  decisive  experiment  o^Gay-Lussac  If  a  quantity  of  potas- 
sium, precisely  sufficient  for  absorbing  50  measures  of  pure  cyanogen 
gas,  is  heated  in  100  measures  of  hydrocyanic  acid  vapour,  the  cvan- 
wet  of  potassium  is  generated,  a  diminution  of  50  measures  takes  place, 
and  the  residue  is  pure  hydrogen.  From  this  it  appears,  that  hydro- 
cyanic acid  vapour  is  composed  of  equal  volumes  of  cyanogen  and' 
hydrogen,  united  without  any  condensation;  and,  consequently,  these 
two  gases  combine,  by  weight,  according  to  the  ratio  of  their  densi- 
ties. The  composition  of  hydrocyanic  acid  may,  therefore*  be  thtw 
stated : 
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By  Volume,  By  Weight. 

Cyanogen  60        .        .        1.8064        26,  one  equivalent. 

Hydrogen  50        .        .        0.0694  1,  one  equivalent. 

100  acid  vapour. 
The  atomic  weight  of  hydrocyanic  acid  is  27.    The  specific  gravity 
of  its  vapour  is,  of  course,  intermediate  between  that  of  its  constitu- 
ents, or  0.9374 :  as  determined  directly  by  Gay-Lussac,  its  density  is 
0.9476. 

From  the  powerful  action  of  bydrocyiinic  acid  on  the  animal  eco- 
nomy, this  substance,  in  a  diluted  form,  is  sometimes  employed  in 
medical  practice  to  diminish  pain  and  nervous  irritability.  It  may  be 
procured  of  any  given  strength  by  dissolving  cyanuret  taf  mercury  in 
water,  and  transmitting  a  current  of  sulphuretted  hydrogen  gas  through 
the  solution  till  the  whole  of  flie  cyanuret  is  decomposed.  The  de- 
composition is  known  to  be  complete  by  the  filtered  liquid  remaining 
colourless  and  transparent,  when  mixed  with  a  solution  of  sulphuret- 
ted hydrogen;  for  should  any  undecomposed  cyanuret  of  mercury  be 
present,  a  black  precipitate,  which  is  a  sulphuret  of  mercury,  will  be 
formed.  This  test  of  the  complete  decomposition  of  the  cyanuret  of 
mercury  should  never  be  neglected.  The  excess  of  sulphuretted 
hydrogen  is  removed  by  agitation  with  carbonate  of  lead,  and  the  hy- 
drocyanic acid  is  then  separated  from  the  insoluble  (natter  by  filtra- 
tion. The  process  adopted  at  Apothecaries*  Hall  in  London,  is  to 
mix  in  a  retort  one  part  of  the  cyanuret  of  mercury,  one  part  of  muriatic 
acid  of  specific  gravity  1.15,  and  six  parts  of  water;  and  to  distil  the 
mixture  until  a  quantity  of  acid,  equal  to  that  of  the  water  employed, 
is  collected.  The  product  has  a  density  of  0.996.  (Brando's  Manual 
of  Chemistry,  vol.  i.)  In  this  process,  a  little  muriatic  .acid  is  apt  to 
pass  over  into  the  recipient,  and  render  the  product  impure.  Its 
presence,  in  a  medical  point  of  view,  cannot  be  very  material ;  but  it 
may  be  separated  by  mixing  the  impure  acid  with  a  little  chalk,  and 
distilling  to  dryness.  The  muriatic  acid  unites  with  lime,  and  is  re- 
tained in  the  retort,  where  it  may  be  detected  by  its  appropriate  test. 
Muriatic  when  mixed  with  hydrocyanic  acid  cannot  be  detected  by 
nitrate  of  silver;  because  cyanuret  of  silver  is  very  similar  to  the 
chloride,  both  in  its  appearance  and  in  several  of  its  feading  proper- 
ties. 

The  quality  of  dilute  hydrocyanic  acid,  however  prepared,  is  very 
variable,  owing  to  the  volatility  of  the  acid,  and  its  tendency  to  spon- 
taneous decomposition.  On  this  account,  it  should  be  made  only  in 
small  quantities  at  a  time,  kept  in  well-stopped  bottles,  and  excluded 
from  light.  The  best  way  of  estimating  the  strength  of  any  solution 
is  that  proposed  by  Dr  Ure.  To  100  grains,  or  any  other  convenient 
quantity  of  the  acid,  contained  in  a  phial,  small  quantities  of  the 
peroxide  of  mercury  in  fine  powder  are  successively  added,  till  it 
ceases  to  be  dissolved.  The  weight  of  the  peroxide  which  is  dissolv- 
ed, divided  by  four,  gives  the* quantity  of  real  hydrocyanic  acid  pre- 
sent. (Quarterly  Journal,  vol.  xiil,.) 

The  presence  of  free  hydrocyanic  acid  is  easily  recognised  by  its 
odour.  Chemically  it  may  be  detected  by  agitating  the  fluid  suppos- 
ed to  contain  it  with  the  peroxide  of  mercury  in  fine  powder. 
Double  decomposition  ensues,  by  which  water  and  the  cyanuret  of 
mercury  are  generated  ;  and  on  evaporating  the  solution  slowly,  the 
latter  is  obtained  in  the  form  of  crystals. 

A  test  of  far  greater  delicacy,  originally  noticed  by  Seheele,  is  the 
following.    To  the  liquid  supposed  to  contain  hydrocyanic  •«u-**%(i(| 
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a  solatioD  of  green  vitriol,  throw  down  the  protoxide  of  iron  by  a  sliffht 
excess  of  pure  potasaa,  and  after  exposure  to  the  air  for  four  or  nv^ 
minutes,  acidulate  with  muriatic  or  sulphuric  acid,  so  as  to  redissolve 
the  precipitate.  Prussian  blue  will  then  make  its  appearance,  if  prus- 
sic  acid  had  been  originally  present.  The  nature  of  the  chemical 
change  will  be  explained  in  the  section  on  the  salts  of  ferrocyanic  acid, 
when  describing  the  manufiicture  of  Prussian  blue.  M.  Lassaigne, 
who  has  written  an  essay  on  the  tests  of  this  acid,  (An.  de  Ch.  el 
Ph.  ^vii.  200,)  speaks  of  the  |}€rsulphate  as  the  proper  reagent  for 
this  experiment ;  but  according  to  my  observation,  the  presence  of  the 
protoxide  is  essential  to  its  success.  If  the  iron  is  strictly  at  its  maxi- 
mum of  oxidation,  Prussian  blue  will  not  be  formed  at  all,  as  was 
proved  long  ago  by  Scheele  and  Proust. 

As  hvdrocyaoic  acid  is  sometimes  administered  with  criminal  de- 
signs, the  chemist  may  be  called  on  to  search  for  its  presence  in  the 
stomach  after  death.  This  subject  has  been  investigated  experimentally 
by  MM.  Leuret  and  Lassaigne,  and  the  process  they  have  recom- 
.  mended  is  the  following.  The  stomach  or  other  substances  to  be  ex- 
amined  are  cut  into  small  fragments,  and  introduced  into  a  retort  along 
with  water,  the  mixture  being  slightly  acidulated  with  sulphuric  acid. 
The  distillation  is  then  conducted  at  a  temperature  of  212°  F,  the 
volatile  products  collected  in  a  receiver  surrounded  with  ice,  and  the 
presence  of  hydrocyanic  acid  in  the  distilled  matter,  tested  by  the  me- 
thod above  mentioned.  These  gentlemen  found,  that  prussic  acid 
may  be  thus  detected  two  or  three  days  after  death ;  but  not  after  a 
longer  period.  The  disappearance  of  the  acid  appears  owing  partly  to 
its  volatility,  and  partly  to  the  facility  with  which  it  undergoes  spon^ 
taneous  decomposition.  (Journal  de  Chimie  Medicale,  &c.  xii.  p. 
561.) 

Cyanic  Add. 

Chemists  are  acquainted  with  two  acid  compounds  of  cyanogen  and 
oxygen ;  and  it  is  remarkable,  that  though  the  properties  of  these  acids 
are  quite  different,  their  elements,  according  to  the  best  analyses  we 
possess,  are  united  in  the  same  proportion.  That  two  or  more  different 
substances  may  be  composed  of  the  same  elements  combined  in  the 
same  ratio,  is  a  fact  which  can  hardly  be  questioned.  (Page  239.) 
But  since  examples  of  the  kind  are  as  yet  exceedingly  rare,  it  will  be 
proper,  before  admittiqg  this  similarity  of  composition  in  the  present 
instance,  to  suspend  our  judgment  till  the  analysis  of  the  two  cyanic 
acids  shall  have  been  repeated  and  confirmed  by  other  chemists.  In 
the  mean  time,  however,  I  shall  describe  each  under  the  term  of 
eyanie  aeid» 

Cyanic  add  of  M.  Wohler.  It  was  stated  by  Gay-Lussac  in  the 
essay  already  quoted,  that  cyanogen  gas  is  freely  absorbed  by  pure 
alkaline  solutions;  and  he  expressed  the  opinion  that  thejalkali  com- 
bines directly  with  the  cyanogen.  It  appears,  however,  from  the  ex- 
periments of  M.  Wohler,  that,  by- decomposition  of  water,  hydrocyanic 
and  cyanic  acids  are  formed  under  these  circumstances ;  and,  conse- 
quently, that  alkaline  solutions  act  upon  cyanogen  in  the  same  man- 
ner as  on  chlorine,  iodine,  bromine,  and  sulphur.  But  the  salts  of 
cyanic  acid  cannot  conveniently  be  procured  in  this  way,  owing  to 
the  difficulty  of  separating  the  cvanate  from  the  hydrocyanate  wi'^ 
which  it  is  accompanied.  M.  Wonler  finds  that  the  cyanate  of  potassa 
may  be  procured  in  large  quantity  by  mixing  ferrocyanate  of  potassa 
;irji^  »n.ejia&l  weight  of  peroxide  of  manganese  in  fine  powder,  and 
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exposing  the  mixture  to  a  low  red  heat.  The  cyanogea  of  the  ferro* 
cyanic  acid  receives  oxygen  from  the  manganese,  and  is  converted 
into  cyanic  acid,  -which  unites  with  the  potassa.  The  ignited  mass  is 
then  boiled  in  alcohol  of  86  per  cent ;  and  as  the  solution  cools,  the 
cyanate  is  deposited  in  small  tabular  crystals  like  chlorate  of  potassa. 
The  only  precaution  necessary  in  this  process  is  to  avoid  too  high  a 
temperature. 

Cyanic  acid  is  characterized  by  the  facility  with  which  it  is  resolved 
by  water  into  carbonic  acid  and  ammonia.  This  change  is  effected 
merely  by  boiling  an  aqueous  solution  of  cyanate  of  potassa;  and  it 
takes  place  still  more  rapidly  when  an  attempt  is  made  to  decompose 
the  cyanate  by  means  of  another  acid.  If  the  acid  is  diluted,  cyanic 
acid  is  instantly  decomposed,  and  carbonic  acid  escapes  with  offer* 
vescence.  But,  on  the  contrary,  if  a  concentrated  acid  is  employed, 
then  the  cyanic  acid  resists  decomposition  for  a  short  time,  and  emits 
a  strong  odour  of  vinegar.  Accordioe  to  M.  Liebig,  the  acid  may  be 
obtained  in  a  free  state  by  transmitHng  sulphuretted  hydrogen  gas 
through  water,  in  which  cyanate  of  silver  is  suspended ;  but  the  ope- 
ration should  be  discontinued  before  all  the  cyanate  is  decomposed, 
since  otherwise  the  free  sulphuretted  hydrogen  would  react  on  the 
cyanic  acid,  and  effect  its  decomposition.  The  acid  thus  formed  is 
permanent  only  for  a  few  hours.    (An.  de  Ch.  et  de  Ph.  xxxiii.  207.) 

Cyanic  acid  forms  a  soluble  salt  with  baryta,  but  insoluble  ones  with 
the  oxides  of  lead,  mercury,  and  silver.  If  the  cyanate  of  potassa  \b 
quite  pure,  it  gives  a  white  precipitate  with  nitrate  of  silver,  and  the 
cyanate  of  silver  so  formed  dissolves  without  residue  in  dilute  nitric  acid. 

Cyanic  acid,  according  to  the  analysis  of  M.  Wohler,  is  composed 
'Of  26  parts  or  one  equivalent  of  cyanogen,  and  8  parts  or  one  equiva- 
lent of  oxygen.  (Annates  de  Chimie  et  de  Physique,  vol.  xx.  and 
zxvii.)  M.  Liebig  attempted  to  prove  that  cyanic  acid  consists  of 
pne  equivalent  of  cyanogen  and  half  an  equivalent  of  oxygen ;  and 
contended.that.it  should  be  called  cyanoiu  acid;  but  M.  Wohler  has 
tepeated  his  own  analysis,  and  confirmed  his  former  result.  Its  accu- 
racy has  since  been  admitted  by  M.  Liebig,  who  was  led  into  error  by 
the  employment  of  impure  materials. 

The  existence  of  cyanic  acid  was  suspected  by  M.  Yauquelin  be- 
fore it  was  actually  discovered  by  Wohler.  The  experiments  of  the 
former  chemist  led  him  to  the  opinion  that  a  solution  of  cyanogen  in 
water  is  gradually  converted  into  hydrocyanic,  cyanic,  and  carbonic 
acids,  and  ammonia ;  and  he  supposed  alkalies  to  produce  a  similar 
change.  He  did  not  establish  tlie  fact,  however,  in  a  satisfactory 
manner.    (An.  de  Ch.  et  de  Ph.  vol.  ix.) 

Cyanic  add  of  M.  Liebig.  A  powerfully  detonating  compound  of 
mercury  was  described  in  the  Philosophical  Transactions  for  1800  by 
Mr  £.  Howard.  It  is  prepared  by  dissolving  100  grains  of  mercury 
in  a  measured  ounce  and  a  half  of  nitric  acid  of  specific  gravity  1.3 ; 
and  adding,  when  the  solution  has  become  cold,  two  ounces  by  mea- 
sure of  alcohol,  the  density  of  which  is  0.849.  The  mixture  is  then 
heated  till  a  moderately  brisk  effervescence  takes  place,  during  which 
the  fulminating  compound  is  generated.  A  similar  substance  may  be 
made  by  treating  silver  in  the  same  manner.  The  conditions  neces- 
sary for  forming  these  compounds  are,  that  the  silver  or  mercury  be 
dissolved  in  a  fluid  which  contains  so  much  free  nitric  acid  and  alco- 
,,)iol,  that  on  the  application  of  heat,  nitric  ether  ^all  be  freely  dis- 
engaged. 

Fulminating  silver  and  mercury  bear  the  heat  of  212**  or  even  260**  F. 
without  detonating  \  but  a  higher  temperature,  or  slight  percussion  be- 
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iween  two  hard  bodies,  causes  them  to  eiplode  with  yiolence.  The 
nature  of  these  compounds  was  discovered  in  1823  by  M.  Liebig*» 
who  demonstrated  that  they  are  salts  composed  of  a  peculiar  «cid, 
which  he  termed  yu/mmic  acid,  in  combination  with  the  oxide  of 
mercury  or  silver.  According  to  an  analysis  of  fulminating  silver  made 
by  MM.  Liebig  and  Gay-Lussacf,  the  acid  of.  the  salt  is  composed  of 
26  parts  or  one  proportional  of  cyanogen,  and  8  parts  dr  one  propor- 
tional  of  oxygen.  It  is  therefore  a  real  cyanic  add,  and  its  salts  may 
with  propriety  be  termed  cyanates.  The  fulminating  silver  is  a  cyan- 
ate  of  the  oxide  of  silver;  and  is  found  to  contain  one  proportional  of 
each  element.  , 

It  is  remarkable  that  the  oxide  of  silver  cannot  be  entirely  separated 
from  cyanic  acid  by  means  of  an  alkali.  On  digesting  cyanate  of  sil- 
ver in  potassa,  for  example,  one  equivalent  of  the  oxide  of  silver  is 
separated,  and  a  double  6yanate  is  formed,  which  consists  of  two  equi- 
valents of  cyanic  acid,  one  equivalent  of  the  oxide  of  silver,  and  one 
equivalent  of  potassa.  Similar  compounds  may  be  procured  by  sub- 
stituting other  alkaline  substances,  such  as  baryta,  lime,  or  magnesia, 
for  the  potassa.  -These  double  cyanates  are  capable  of  crystallizing ; 
and  they  all  possess  detonating  properties. 

From  the  presence  of  the  oxide  of  silver  in  the  double  cyanates, 
it  was  at  first  imagined  that^this  oxide  actually  constitutes  a  part  of 
the  acid ;  but  since  several  other  substances,  such  as  the  oxides  of 
mercury,  zinc,  and  copper,  may  be  substituted  for  that  of  silver,  this 
view  can  no  longer  be  admitted. 

Cyanic  acid  has  not  hitherto  been  obtained  in  an  insulated  form ; 
for  whUe  some  acids  do  not  decompose  the  cyanates,  others  act  on 
the  cyanic  acid  itself,  and  give  rise  to  new  products.  Muriatic  acid, 
for  example,  causes  the  formation  of  hydrocyanic  acid,'and  a  new  acid 
containing  chlorine,  carbon,  and  nitrogen,  the  nature  of  which  has  not 
been  determined.  Hydriodic  acid  acts  in  a  similar  manner ;  and  a 
peculiar  acid  is  likewise  produced  by  the  action  of  sulphuretted  hy- 
drogen. From  subsequent  researches,  M.  Liebig  suspects  that  tl^s 
acid  is  composed  of  sulphur,  cyanogen,  and  oxygen,  in  the  ratio  of 
two  equivalents  of  the  first  substance,  one  of  the  second,  and  one  of 
the  third ;  but  the  accuracy  of  this  view  has  not  be«n  demonstrated  in 
a  conclusive  manner. 

Cyanuret  of  Chlorine. 

The  existence  of  this  compound  was  first  noticed  by  Berthollef, 
who  named  it  oxy-prussic  acid,  on  the  supposition  of  its  containing 
prussic  acid  and  oxygen  ;  and  it  was  afterwards  described  by  Gay- 
Lussac,  in  his  essay  on  cyanogen,  under  the  appellation  of  chlorocy- 
anic  acid.  It  was  procured  by  this  chemist  by  transmitting  chlorine 
gas  into  an  aqueous  solution  of  hydrocyanic  acid  until  the  liquid  ac- 
quired bleaching  properties,  removing  the  excess  of  chlorine  by  agi- 
tation with  mercury,  and  then  heating  the  mixture,  so  as  to  expel  the 
gaseous  cyanuret  of  chlorine.  The  chemical  changes  which  take 
place  during  this  process  are  complicated.  At  first  the  elements  of 
nydrocyanic  acid  unite  with  separate  portions  of  chlorine,  and  give 
rise  to  muriatic  acid  and  cyanuret  of  chlorine ;  and  when  heat  is  ap- 
plied, the  elements  of  the  cyanuret  and  water  react  on  each  other,  in 
consequence  of  which  muriatic  acid,  ammonia  and  carbonic  acid  are 

*  An.  de  Ch.  et  de  Ph.  vol.  xxiv.  t  IWd.  xxv. 
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generated.  Owiog  to  this  circumstance,  the  cyanuret  of  chlorine  was 
always  mixed  with  carbonic  acid,  and  its  properties  imperfectly  un- 
derstood. 

I  [During  the  course  of  last  year,  M.  Serullas  succeeded*  in  procuring 
this  compound  in  a  pure  state,  by  exposing  cyanuret  of  mercury,  in 
powder  and  moistened  with  water,  to  the  action  of  chlorine  eas  con- 
tained in  a  well  stopped  phial.  The  vessel  is  kept  in  a  dark  place ; 
and  after  ten  or  twelve  hours  the  colour  of  the  chlorine  is  no  longer 
perceptible,  bichloride  of  mercury  is  found  at  the  bottom  of  the  phial, 
and  its  space  is  filled  with  the  vapour  of  cyanuret  of  chlorine.  The 
bottle  is  then  cooled  down  to  zero  by  freezing  mixtures  of  snow  and 
salt,  at  which  temperature  the  cyanuret  of  chlorine  is  solid.  Some 
chloride  of  calclnm  is  then  introduced,  the  stopper  replaced,  and  the 
bottle  kept  in  a  moderately  warm  situation,  in  order  that  the  moisture 
within  may  be  completely  absorbed.  The  cyanuret  of  chlorine  is 
then  again  solidified  by  cold,  the  phial  completely  filled  with  dry  and 
cold  mercury,  and  a  bent  tube  adapted  to  its  aperture  by  means  of  a 
cork.-  The  solid  cyanuret  of  chlorine,  which  remains  adhering  to  the 
inner  surface  of  the  phial,  is  converted  into  gas  by  gentle  heat,  and 
passing  ak>ng  the  tube,  is  collected  over  mercury.  JBxposure  to  the 
direct  solar  rays  interferes  with  the  success  of  this  process.  Muriate 
of  ammonia,  together  with  a  little  carbonic  acid,  is  then  generated, 
and  a  yellow  liquid  collects,  which  appears  to  be  a  mixture  of  chloride 
of  carl>on  and  chloride  of  nitrogen.     (An.  de  Ch.  et  Ph.  xxxv.  291.) 

The  cyanuret  of  chlorine  is  solid  at  zero  of  Fahrenheit's  thermome- 
ter, and  in  congealing  crystallizes  in  very  long  slender  needles.  At 
temperatures  between  6°  F.  and  10.5°,  it  is  liquid,  and  also  at  68°  un- 
der a  pressure  of  four  atmospheres ;  but  at  the  common  pressure,  and 
when  the  thermometer  is  above  10.5°  or  11°  F,  it  is  a  colourless  gas. 
In  the  liquid  state  it  is  as  limpid  and  colourless  as  water.  It  has  a 
very  offensive  odour,  irritates  the  eyes,  is  corrosive  to  (be  skin,  and 
highly  injurious  to  animal  life. 

The  cyanuret  of  chlorine  is  very  soluble  in  water  and  alcohol.  The 
former  under  the  common  pressure,  and  at  68°  F,  dissolves  twenty-five 
times  its  volume.  Alcohol  takes  up  100  times  its  volume,  and  the 
absorption  is  effected  almost  with  the  same  velocity  as  that  of  ammo- 
niacal  gas  by  water.  These  solutions  are  quite  neutral  with  respect  to 
litmus  and  turmeric  paper,  and  may  be  kept  without  apparent  change. 
The  gas  may  even  be  separated  without  decomposition  by  boiling. 
The  cyanuret  of  chlorine,  accordingly,  does  not  possess  the  characters 
of  an  acid. 

The  changes  induced  by  the  action  of  alkalies  do  not  appear  to  be 
very  clearly  understood.  M.  Serullas  agrees  with  Gay-liussac  in 
stating,  that  if  to  a  solution  of  the  cyanuret  of  chlorine  a  pure  alkali  is 
added,  and  then  an  acid,  effervescence  ensues  from  the  escape  of  car- 
bonic acid  gas. '  Ammonia,  and  probably  muriatic  and  hydrocyanic 
acid,  is  also  generated. 

The  statement  of  Gay-Lussac  relative  to  the  composition  of  Cyanuret 
of  chlorine  is  confirmed  by  the  analysis  of  M.  SeruUas.  According 
to  these  chemists,  it  is  composed  of  equal  measures  of  chlorine  and 
cyanogen  gases,  united  without  any  condensation ;  or,  by  weieht,  of 
86  parts  or  one  equivalent  of  chlorine,  and  26  parts  or  one  equivalent 
of  cyanogen.  Its  equivalent  is  therefore  62,  and  its  specific  gravity 
in  the  gaseous  state,  2.1627. 
W2 
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Cyanogen  and  Iodine. 

The  cyanuret  of  iodine,  which  was  discovered  in  1824  by  M.  Sera!* 
las,  (An.  de  Ch.  et  de  Ph.  vol.  zxvii.)  may  be  prepared  by  the  foHowing 
process : — ^Two  parts  of  th^  cyanuret  of  mercury  and  one  of  iodine* 
are  intimately  and  quickly  mixed  in  a  glass  mortar,  and  the  mixture  is 
introduced  into  a  phial  with  a  wide  mouth.  On  applying  beat,  thc^ 
violet  vapours  of  iodine  appear;  but  as  soon  as  the  cyanuret  of  mer- 
cury begins  to  be  decomposed,  the  vapour  of  iodine  is  succeeded  by 
white  fumes,  which,  if  received  in  a  cool  glass  receiver,  condense 
upon  its  sides  into  flocks  like  cotton  wool.  The  action  of  the  iodine 
and  cyanuret  of  mercury  is  found  to  be  promoted  by  the  presence  of 
a  little  water. 

The  cyanuret  of  iodine,  when  slowly  condensed,  occurs  in  very  lonf^ 
and  exceedingly  slender  needles,  of  a  white  colour.  It  has  a  very 
^  caustic  taste  and  penetrating  odour,  and  excites  a  flow  of  tears.  It 
sinks  rapidly  in  sulphuric  acid.  It  is  very  volatile,  and  sustains  a  temi- 
perature  much  higher  than  212°  F.  without  decomposition;  but  is  de» 
composed  by  a  red  heat.  It  dissolves  in  water  and  alcohol,  and  forms 
solutions  which  do  not  redden  litmus  paper.  Alkalies  act  upon  it  in 
the  same  manner  as  on  the  cyanuret  of  chlorine,  a  compound  to  which 
it  is  very  analogous. 

Sulphurous  acid,  when  water  is  present,  has  a  very  powerful  action 
on  cyanuret  of  iodine.  On  adding  a  few  drops  of  this  acid,  iodine  is 
set  free,  and  hydrocyanic  acid  produced ;  but  when  more  of  the  sul- 
phurous acid  is  employed,  the  iodine  disappears,  and  the  solution  is 
found  to  contain  hydriodic  acid.  These  changes  are  oi  course  accom- 
panied with  the  formation  of  sulphuric  acid,  and  the  decoaposition  of 
water. 

The  cyanuret  of  iodin^  has  not  been  analyzed  with  aecuracy ;  but 
M.  Serullas  infers  from  an  approximative  analysis,  that  it  is  composed 
of  one  equivalent  of  iodine  and  one  of  cyanogen. 

Cyanogen  and  Bromine. 

The  cyanuret  of  bromine  has  been  prepared  by  M.  Liebig  by  a  pro- 
cess very  similar  to  that  described  (be  procuring  the  cyanuret  of  iodine. 
At  the  bottom  of  a  small  tubulated  retort,  or  a  rather  long  tube,  are 
placed  two  parts  of  cyanuret  of  mercury  slightly  moistened;  and  aAer 
cooling  the  apparatus  by  cold  water,  or  stUl  better  by  a  freezing  mix- 
ture, a  precaution  which  is  indispensable  in  summer^  one  part  tt  bro- 
mine is  introduced.  Strong  reaction  instantly  ensues^  and  caloric  is 
so  freely  evolved,  that  a  considerable  quantity  of  the  bromine  would 
be  dissipated,  unless  the'temperature  of  the  retort  had  been  previously 
reduced.  The  new  products  are  bromide  of  mercury  and  cyanuret  of 
bromine,  the  latter  of  which  collects  in  the  upper  part  of  the  tube  in 
the  form  of  long  needles.  After  allowing  any  vapour  of  bromine,  which 
may  have  risen  at  the  samQ  time»  to  condense  and  fall  back  upon  the 
cyanuret  of  mercury,  the  cyanuret  of  bromine  is  expelled  by  a  gentle 
heat,  and  collected  in  a  recipient  carefully  cooled. 

As  thus  formed,  the  cyanuret  is  crystallized,  sometimes  in  small  re- 
gular colourless  and  transparent  cubes,  and  sometimes  in  long  and  very 
slender  needles.  In  its  physical  properties  it  is  so  very  similar  to  the 
cj^nuret  of  iodine;  that  they  may  easily  be"  mistaken  for  each  other, 
espdLcially  when  the  crystals  of  the  cyanuret  of  bromine  possess  the 
•cicikar  form.    They  agree  closely  in  odour  and'  volatility,  but  the 
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eyanuret  of  bromine  is  even  more  volatile  than  the  cyanuret  of  iodine. 
It  is  converted  into  vapour  at  59°  F,  and  crystallizes  suddenly  on 
cooling.^  Its  solubility  in  water  and  alcohol  is  lilcewise  greater  than 
that  of  the  cyanuret  of  iodine.  By  a  solution  of  caustic  potassa  it  is 
converted  into  the  hydrocyanate  and  hydrobromate  of  potassa. 

Cyanuret  of  bromine  is  highly  deleterious.  A  grain  of  it  dissolved 
in  a  little  water,  and  introduced  into  the  oesophagus  of  a  rabbit,  proved 
fatal  on  the  instant,  acting  with  the  same  rapidity  as  prussic  acid.  In 
consequence  of  the  volatility  and  noxious  qualities  of  this  substance* 
experiments  with  it  should  be  conducted  with  g^reat  circumspection. 
The  danger  from  this  cause,  together  with  deficient  supply  of  bromine, 
prevented  M.  Serullas  from  continuing  the  investigation  of  its  proper^ 
ties.    (£din.  Journal  of  Science,  No.  xUi.  189.) 

Ferrocyanic  Acid. 

The  ferrocyanic  acid  has,  within  these  few  years,  been  the  subject 
of  able  researches  by  Mr  Porrett*,  Befzeliusf,  and  M.  Robiquet^* 
Mr  Porrett  recommends  two  methods  for  obtaining  ferrocyanic  acid, 
by  one  of  which  it  is  procured  in  crystals,  and  by  the  other  in  a  state 
of  solution.  The  first  process  consists  In  dissolving  58  grains  of  crys- 
tallized tartaric  acid  in  alcohol,  and  mixing  the  liquid  with  50  grains 
of  the  ferrocyanate  of  potassa,  dissolved  in  the  smallest  possible  quan- 
tity of  hot  water.  The  bitartrate  of  potassa  is  precipitated,  and  the 
clear  solution,  on  being  allowed  to  evaporate  spontaneously,  gradually 
deposites  ferrocyanic  acid  in  the  form  of  small  cubic  crystals  of  a  yel- 
low colour.  In  the  second  process,  the  ferrocyanate  of  baryta,  dis- 
solved in  water,  is  mixed  with  a  quantity  of  sulphuric  acid,  which  is 
precisely  sufficient  for  combining  with  the  baryta.  The  insoluble  sul- 
phate of  baryta  subsides,  and  the  ferrocyanic  acid  remains  in  solution. 
According  to  Mr  Pon-ett,  every  ten  grains  of  the  ferrocyanate  of  baryta 
require  so  much  liquid  sulphuric  acid  as  is  equivalent  to  2.63  grains  of 

~~  real  acid. 

Ferrocyanic  acid  is  neither  volatile  nor  poisonous  In  small  quanti- 
ties, and  has  no  odour.  It  is  gradually  decomposed  by  exposure  to 
the  light,  forming  hydrocyanic  acid  and  Prussian  blue ;  but  it  is  far 
less  liable  to  spontaneous  decomposition  than  hydrocyanic  acid.  It 
difiers  also  from  this  acid  in  possessing  the  properties  of  acidity  in  a 
much  greater  degree. .  Thus  it  reddens  litmus  paper  permanently, 
neutralizes  alkalies,  and  separates  the  carbonic  and  acetic  acids  from 
their  combinations.  It  even  decomposes  some  salts  of  the  more  pow- 
erful acids.  The  peroxide  of  iron,  for  example,  unites  with  ferrocyanic 
in  preference  to  sulphuric  acid,  unless  the  latter  is  concentrated. 

Different  opinions  have  prevailed  as  to  the  nature  of  ferrocyanic 
acid.  Berzelius  maintains  that  it  is  a  soper-hydrocyanate  of  the  pro- 
toxide of  iron;  but  M.  Robiqoet  has  shown  by  arguments  which  ap- 
pear to  me  unanswerable,  that  this  supposition  is  inconsistent  with 
the  phenomena.  The  view  which  is  now  commonly  taken  of  the 
composition  of  this  acid,  was  suggested  by  an  experiment  made  by 
Mr  Porrett.    On  exposing  ferrocyanate  of  soda  to  the  agency  of  gai- 

,  vanisffl,  the  soda  was  observed  to  collect  at  the  negative  pole,  while 

*  Philosophical  Transactions  for  1814  and  1816.    Annals  of  Philo« 
sOphy,  vol.  xiv. 
t  Annates  de  Chimie  et  de  Physique,  vol.  xv. 
X  Ibid.  vol.  xvii. 
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oxide  of  iron,  together  with  the  elements  of  hydrocyanic  acid,  ap- 
peared at  the  opposite  end  of  the  battery.  From  this  be  inferred,  that 
the  iron  does  not  act  the  part  of  an  allcali  in  the  salt,  for  on  that  sup- 
position it  should  have  accompanied  the  soda,  but  that  it  enters  into 
the  constitution  of  the  acid  itself.  Mr  Porrett  at  first  considered  the 
iron  to  be  in  the  state  of  an  oxide ;  but  he  concludes  from  subsequent 
researches,  that  ferrocyanic  acid  contains  no  oxygen,  and  that  its  sole 
elements  are  carbon,  hydrogen,  nitrogen,  and  metallic  iron.  To  the 
acid  thus  constituted,  he  proposes  the  name  of  ferruretted  chycme* 
add;  but  the  term  ferrocyanic  add  introduced  by  the  French  che- 
mists, is  more  generally  employed. 

This  view  has  the  merit  of  accounting  for  the  fact,  that  iron,  though 
contained  in  ferrocyanic  acid  and  all  its  salts,  cannot  be  detected  in 
them  by  the  usual  tests  of  iron.  For  the  liquid  tests  are  fitted  only 
for  detecting  oxide  of  iron  as  existing  in  a  salt,  and  therefore  cannot 
be  expected  to  indicate  the  presence  of  metallic  iron,  while  forming 
one  of  the  elements  of  an  acid.  We  may  now  also  understand  how  it 
happens  that  the  ferrocyanic  should  actually  contain  the  elements  of 
hydrocyanic  acid,  and  yet  differ  from  it  totally  in  its  properties. 

According  to  the  experiments  of  Mr  Porrett,  ferrocyanic  acid  is 
composed  of  one  equivalent  of  iron,  one  of  hydrocyanic  acid,  and  two 
equivalents  of  carbon.  M.  Robiquet  states,  however,  that  its  elements 
are  in  such  proportion  as  to  form  cyanuret  of  iron,  and  hydrocyanic 
acid ;  and  the  result  of  his  researches,  together  with  the  analysis  of 
Berzelius,  appears  to  justify  the  conclusion  that  ferrocyanic  acid  is 
composed  of 

Hydrogen  ....  2  proportionals. 

Iron  1  proportional. 

Cyanogen  ....  8  proportionals, 

or  of 

Hydrocyanic  acid        ...  2  proportionals. 

Cyanuret  of  iron         ...  1  proportio'nalf. 

Ferrocyanic  acid  is,  therefore,  analogous  to  several  acids,  such  as 
the  muriatic,  hydriodic,  and  hydrosulphuric  acids,  all  of  which  contain 
hydrogen  as  an  essential  element,  and  which  for  this  reason  are  term- 
ed hyaradds.  Under  this  point  of  view,  ferrocyanic  acid  may  be  re« 
garded  as  a  compound  of  a  certain  radical  and  hydrog^en.  This  radi- 
cal, which  has  not  been  obtained  in  an  insulated  state,  is  composed  of 
Cyanogen  3  Prop.  ^  Cyanogen  2  Prop. 

>        or  of 
Iron  1  Prop. )  Cyanuret  of  iron      1  Prop, 

and  the  acid  itself  consists  of  one  proportional  of  the  radical  and  two 
of  hydrogen. 

liie  salts  of  ferrocyanic  acid  were  once  called  triple  prtisnflrfcs^ 
on  the  supposition  that  they  are  composed  of  prussic  or  hydrocyanic 
acid,  in  combination  with  oxide  of  iron  and  some  other  alkaline  base. 
They  are  now  termed  ferrQcyanatet.  The  beautiful  dye,  Prussian 
blue,  is  a  ferrocyanate  of  the  peroxide  of  iron.  It  is  always  formed, 
when  ferrocyanic  acid  or  its  salts  are  mixed  in  solution  with  a  persalt 
of  iron ;  and  for  this  reason  the  persalts  of  iron,  provided  no  free  alkali 
is  present,  afford  a  certain  and  an  extremely  delicate  test  of  the  pre- 
sence of  ferrocyanic  acid. 

*  Chyazie,  from  the  initials  of  carbon,  hydrogen,  and  azote, 
t  See  a  notice  on  the  triple  prussiates  in  the  An.  de  Ch.  et  de  Ph. 
vol.  xxli. 
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Sulphocyanic  Add. 

This  add  was  discovered  in  the  year  1808  by  Mr  Porrett,  wha* 
ascertained  that  it  is  a  compound  of  salphur,  carbon,  hydrogen,  and 
nitrogen*  and  described  it  under  the  name  of  sulphuretted  ehyaxie 
add.  It  is  now  more  commonly  called  sulphocyanic  acid,  and  its 
salts  are  termed  sulphocyanates, 

Sulphocyanic  acid  is  obtained  by  mixing  so  much  sulphuric  acid 
with  a  concentrated  solution  of  the  sulphocyanate  of  potassa  as  is 
sufficient  to  neutrali7.e  the  alkali,  and  then  distilling  the  mixture.  An 
acid  liquor  collects  in  the  recipient,  which  is  sulphocyanic  acid  dis- 
solved in  water*  and  sulphate  of  potassa  remains  in  the  retort. 

Sulphocyanic  acid,  as  thus  prepared,  is  a  transparent  liquid,  which  is 
either  colourless  Qr  has  a  slight  shade  of  pink.  Its  odour  is  somewhat 
similar  to  that  of  vinegan  The  strongest  solution  of  it  which  Mr  Por- 
rett could  obtain  had  a  specific  gravity  of  1.022.  It  boils  at  216.5''  F ; 
and  at  64.6*'  crystallizes  in  six-sided  prisms. 

Sulphocyanic  acid  reddens  litmus  paper,  and  forms  neutral  com- 
pounds with  alkalies.  Its  presence,  whether  free  or  combined,  is 
easily  detected  by  a  persalt  of  iron,  with  the  oxide  of  which  it  unites, 
forming  a  soluble  salt  of  a  deep  blood- red  colour.  With  the  protoxide 
of  copper  it  yields  a  white  salt,  which  is  insoluble  in  water. 

According  to  the  analysis  of  Mr  Porrett,  (Annals  of  Philosophy,  vol. 
xiii.)  which  is  confirmed  by  that  of  Berzelius,  (An.  de  Ch.  et  de  Ph. 
vol.  xvi.)  sulphocyanic  acid  is  composed  of 

Cyanogen  .  26  .  one  proportional. 

Sulphur  ,  82  .  two  proportionals. 

Hydrogen  •  I  .  one  proportional, 

or  of 

Bisulphuret  of  Cyanogen  68  .  one  proportional. 

Hydrogen  .  ]  .  one  proportional. 

Sulphocyanic  acid  is,  therefore,  a  hydracid ;  and  tho*ugh  its  radical* 
the  bisulphuret  of  cyanogen,  has  not  been  obtained  in  a  separate 
state»  it  is  capable,  like  the  radicals  of  all  the  other  hydracids,  of  com- 
bining with  metallic  substances. 

Berzelius  also  succeeded  in  proving  the  existence  of  a  selenio-ey- 
Ofitc  acid,  though  he  could  not  separate  it  from  its  combination  with 
potassa.  It  is  likewise  a  hydracid,  and  its  radical  is  a  seleniuret  of 
cyanogen. 


SECTION  VII. 

COMPOUJVnS  OF  SULPHUR. 

Bisulphuret  of  Carbon. 

This  substance  was  discovered  accidentally  in  the  year  1796  by  Pro- 
fessor Lampadius,  who  regarded  it  as  a  compound  of  sulphur  and  hy- 
drogen, and  termed  it  alcohol  of  sulphur,  Clement  and  Desormes 
first  declared  it  to  be  a  sulphuret  of  carbon,  and  their  statement  was 
fully  confirmed  by  the  joint  researches  of  Berzelius,  and  the  late  Dr 
Marcet.    (Philos.  Trans,  for  1813.) 
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Bisulphuret  of  carbon  may  be  obtained  by  heating  in  close  vessels 
tne  native  bisulphuret  of  iron  (iron  pyrites)  with  one-fifth  of  its 
weight  of  well-dried  charcoal ;  or  by  transmitting  the  vapour  of  sul- 
phur over  fragments  of  charcoal  heated  to  redness  in  a  tube  of  por- 
cfclain.  The  compound,  as  it  is  formed,  should  be  conducted  by 
means  of  a  glass  tube  into  cold  water,  at  the  bottom  of  which  it  is  cot 
lected.  To  free  it  from  moisture  and  adhering  sulphur,  it  should  be  dis- 
tUled  at  a  low  temperature  in  contact  with  the  chloride  of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colourless  liquid,  which  is  re- 
markable  for  its  high  refractive  power.  Its  specific  gravity  is  1.272. 
It  has  an  acid,  pungent,  and  somewhat  aromatic  taste,  and  a  very  fetid 
odour.  It  IS  exceedingly- volaUle ;— its  vapour  at  63.6°  F.  supports  a 
column  of  mercury  7.36  inches  long;  and  at  110°  F.  it  enters  into 
bnsk  ebullition.  From  its  great  volaUlity  it  may  be  employed  for  pro- 
ducing an  intense  degree  of  cold. 

Bisulphuret  of  carbon  is  very  inflammable,  and  kindles  in  the  open 
air  at  a  temperature  scarcely  exceeding  that  at  which  mercury  boils. 
It  burns  with  a  pale  blue  flame.  Admitted  into  a  yessel  of  oxygen 
gas,  so  much  vapour  rises  as  to  form  an  explosive  mixture ;  and  when 
mixed  in  like  manner  with  deutoxide  of  nitrogen,  it  forms  a  combusti- 
ble mixture,  which  is  kindled  on  the  approach  of  a  lighted  taper,  and 
bums  rapidly,  with  a  large  greenish- white  flame  of  dazzling  brilliancy. 
It  dissolves  readily  in  alcohol  and  ether,  and  is  precipitated  from  the  solu- 
Uon  by  water.  It  dissolves  sulphur,  phosphorus,  and  iodine,  and  the 
solution  of  the  latter  has  a'  beautiful  pink  colour.  Chlorine  decom- 
poses it,  with  formation  of  the  chloride  of  sulphur.  The  pure  acids 
have  little  action  upon  it.  With  the  alkalies  it  unites  slowly,  forming 
compounds  which  Berzelius  calls  earbo-sulphurets.  It  is  converted 
by  strong  nitro- muriatic  acid  into  a  white  crystalline  substance  like 
camphor,  which  Berzelius  considers  to  be  a  compound  of  muriatic, 
carbonic,  and  sulphurous  acid  gases. 

Xanthogen  and  Hydroxanthie  acid.—M,  Zeise,  Professor  of  che- 
mistry in  Copenhagen,  has  discovered  some  novel  and  interesting  facts, 
relative  to  the  bisulphuret  of  carbon.  When  this  fluid  is  agitated  with 
a  solution  of  pure  potassa  in  strong  alcohol,  the  alkaline  properties  of 
the  potassa  disappear  entirely ;  and  on  exposing  the  solution  to  a  tem- 
perature of  32°  F.  numerous  acicular  crystals  are  deposited.  M.  Zeise 
attributes  these  phenomena  to  the  formation  of  a  new  acid,  the  ele- 
ments of  which  are  derived,  in  his  opinion,  partly  from  the  alcohal,  and 
partly  from  the  bisulphuret  of  carbon.    He  regards  the  acid  as  a  com* 

Eoimd  of  carbon,  sulphur,  and  hydrogen.  He  supposes  it  to  be  a 
ydractd,  and  that  its  radical  is  a  sulphuret  of  carbon.  To  the  radical 
of  this  hydracid  he  applies  the  term  Xanthogen,  (from  (<tvBoi  yellow, 
and^fvydutf  I  generate,)  expressive  of  the  fact  that  its  combinations  with 
several  metals  have  a  yellow  colour.  The  acid  itself  is  called  hydrox- 
anthie acid,  and  its  salts  hydroxanthates.  The  crystals  deposited 
from  the  alcoholic  solution  are  the  hydroxanthate  of  potassa. 

There  is  no  doubt  of  a  new  acid  being  generated*under  the  ircum- 
stances  described  by  M.  Zeise;  but  since  he  has  not  procured  xantho- 
gen in  an  insulated  form,  nor  even  determined  with  certainty  the  con- 
stituent principles  of  the  hydroxanthie  acid,  there  exists  considerable 
uncertainty  as  to  its  real  nature.  On  this  account  I  refer  to  the  original 
essay  for  more  ample  details  concerning  it.  (An  de  Ch.  et  da  Ph.  vol. 
xxi ;  and  Annals  of  Philosophy,  N.  S.  vol.  iv.) 

Sulphuret  of  Phosphorus, -^When  sulphur  is  brought  into  contact 
with  fused  phosphorus,  they  unite  readily,  but  in  proportions  which 
have  not  been  precisely  determined ;  and  they  frequently  react  on 
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each  other  with  such  violence  as  to  cause  an  explosion.  For  thia 
reason  the  experiment  should  be  made  with  a  quantity  of  phosphoms 
not  exceeding  thirty  or  forty  grains.  The  phosphorus  is  placed  in  a 
glass  tube,  five  or  six  inches  fon^,  and  about  half  an  inch  wide,  and 
when  by  a  gentle  heat  it  is  liquefied,  the  sulphur  is  added  to  it  in  suc- 
cessive small  portions.  Caloric  is  evolved  at  the  moment  of  combina- 
tion, and  sulphuretted  hydrogen  and  phosphoric  acid,  owing  to  the 
presence  of  moisture,  are  generated.  This  compound  may  also  be 
made  by  agitating  the  flowers  of  sulphur  with  fused  phosphorus  under 
water.  The  temperature  should  not  exceed  160°  F;  for  otherwise 
sulphuretted  hydrogen  and  phosphoric  acid  would  be  evolved  so  freely 
as  to  prove  dangerous,  or  at  least  to  interfere  with  the  success  of  the 
process. 

The  sulphuret  of  phosphorus,  from  the  nature  of  its  elements,  is 
highly  combustible.  It  is  much  more  fusible  than  phosphorus.  A 
compound  made  by  Mr  Faraday  with  about  five  parts  of  sulphur  to 
seven  of  phosphorus,  was  quite  fluid  at  82°  F,  and  did  not  solidify  at 
20"^  F.    (Quarterly  Journal,  vol.  iv.) 


SECTION  VIII. 

COMPOUJSTDS  OF  SELEJ^JUM. 

Sulphuret  of  Selenium, 

When  sulphuretted  hydrogen  gas  is  conducted  into  a  solution  of 
selenic  acid,  an  orange- coloured  precipitate  subsides,  which  is  a 
sulphuret  of  selenium.  It  fuses  at  a  heat  a  little  above  212°  F,  and 
at  a  still  higher  temperature  may  be  sublimed  without  change.  In 
the  open  air  it  takes  fire  when  heated,  and  sulphurous,  selenious,  and 
selenic  acids  are  the  products  of  its  combustion.  The  alkalies  and 
alkaline  hydrosulphurets  dissolve  it.  Nitric  acid  acts  upon  it  with  diffi- 
culty ;;,  but  nitro-muriatic  acid  converts  it  into  sulphuric  and  selenic 
acids.  (Annals  of  Philosophy,  vol.  xiv.)  According  to  Berzelius,  this 
sulphuret  is  composed  of  40  parts  or  one  proportional  of  selenium,  and 
24  parts  or  one  proportional  and  a  half  of  sulphur. 

Selenium  and  sulphur  combine  readily  by  the  aid  of  heat,  but  it  is 
difficult  in  this  way  to  obtain  a  definite  compound. 

Phosphuret  of  Selenium. 

The  phosphuret  of  selenium  may  be  prepared  in  the  same  manner 
as  the  sulphuret  of  phosphorus ;  but  as  selenium,  is  capable  of  uniting 
with  phosphprus  in  several  proportions,  the  compound  formed  by  fus- 
ing them  together  can  hardly  be  supposed  to  be  of  a  definite  nature. 
Tliis  phosphuret  is  very  fusible,  sublimes  without  change  in  close 
vessels,  and  is  inflammable.  It  decomposes  water  gradually  when  di- 
gested in  it,  giving  rise  to  seleniuretted  hydrogen,  and  one  of  the  acids 
of  phosphorus .    ( Annals  of  Philosophy,  vol.  xiv. ) 
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GEJVERJlL  PROPERTIES  OF  METALS. 

Metals  are  distioguished  from  other  substances  by  the  following 
properties.  They  are  all  conductors  of  electricity  and  caloric.  When 
combined  with  oxygen,  c'hlorine,  iodine,  sulphur,  or  similar  substances, 
and  the  resulting  compounds  are  submitted  to  the  action  of  galvanism, 
the  metals  always  appear  at  the  negative  side  of  the  battery,  and  for 
this  reason  are  said  to  be  positive  electrics.  They  are  quite  opake, 
refusing  a  passage  to  light,  though  reduced  to  very  thin  leaves.  They 
are  in  general  good  reflectors  of  light,  and  possess  a  peculiar  lustre, 
which  is  termed  the  metallic  lustre.  Every  substance  in  which  these 
characters  reside  may  be  regarded  as  a  metal. 

The  number  of  metals,  the  existence  of  which  is  admitted  by  che- 
mists, amounts  to  forty.  The  following  table  contains  the  names  of 
those  that  have  been  procured  in  a  state  of  purity,  together  with  the 
date  at  which  they  were  discovered,  and  the  names  of  the  chemists 
by  whom  the  discovery  was  made. 

Table  of  the  ZHseovety  of  Metals. 


Dates  of  the 
Discovery. 


JVames  of  Metals. 


Jluthors  of  the  Discovery. 


Gold  . 
Silver  . 
Iron 
Copper 
'  Mercury 
Xead  • 
Tin 

Antimony 
Zinc 
Bismuth 
Arsenic 
Cobalt    . 
Platinum 
Nickel    . 
Manganese 
Tungsten 
Tellurium 
Molybdenum 
Uranium 
Titanium 
Chromium 
Columbium 


xiKnoWn  to  the  Ancients. 


Described  by  Basil  Valentine, 
Described  by  Agricola  in 
First  mentioned  by  Paracelsus, 

>  Brandt,  in     ...        . 

Wood,  Assay  Master,  Jamaica, 

Cronstedt, 

Gahn  and  Scheele, 

MM.  D'Elhuyart,     . 

Miiller,    . 

Hielm,     .        , 

Klaproth, 

Gregor,     • 

Vauquelin 

Hatchett, 


16th  century. 

1620 
16th  century. 

1733 

1741 
1761 
1774 
17S1 
1782 
1782 
1789 
1791 
1797 
1802 
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JXames  ofMetaU, 

^    Authors  of  the  Discovery, 

Datee  of  the 
Discovery. 

Palladium       .  ... 
Rhodium 

;jDrWollaston, 

1803 

Iridium 

Descotils  and  Smithson  Tennant, 

1803 

Osmium 

Smithson  Tennant, 

1803 

Cerium 

Hisinger  and  Berzellus,    . 

1804 

Potassium 

"X 

Sodium 

Barium 

>Sir  H.Davy, 

1807 

Strontium 

Calcium 

Cadmium 

Stromeyer,       .... 

1813 

Lithium 

Arfwcdson,       .... 

1818 

Silicium 
Zirconium 

•Bcrzelius,     .... 

1824 

Most  of  the  metals  are  remarkable  for  their  great  specific  gravity ; 
some  of  them,  such  as  gold  and  platinum,  which  are  the  densest  known 
bodies  in  nature,  being  more  than  nineteen  times  heavier  than  an  equal 
bulk  of  water.  Great  specific  gravity  was  once  supposed  to  be  an 
essential  character  of  metals;  but. the  discovery  of. potassium  and  so- 
dium, which  are  so  light  as  to  float  on  the  surface  of  water,  has  shown 
that  this  supposition  is  erroneous.  Some  metals  experience  an  in- 
crease of  density  to  a  certain  extent  when  hammered,  their  particles 
being  permanently  approximated  by  the  operation.  On  this  account 
the  specific  gravity  of  some  of  the  metals  contained  in  the  following 
table,  is  represented  as  varying  between  two  extremes : — 

Table  of  the  Specific  Gravity  of  Metals  at  60**  Fahr,  compared  to 
Water  as  unity. 


Platinum 

20.98 

Brisson. 

Gold      . 

19.267 

Do. 

Tungsten 

17.6 

D'Elhuyart. 

Mercury 

13.568 

Brisson.  . 

Palladium 

11.3  to  11.8 

Wollaston. 

Lead 

11.352 

Brisson. 

Silver     . 

10.474 

Do. 

Bismuth 

9.822 

Do,     . 

Uranium 

9.000       . 

Bucholz. 

Copper 

8.895 

Hatchett. 

Cadmium 

8.604      . 

Stromeyer. 

Cobalt    . 

8.638      . 

Haiiy. 

Arsenic 

8.808       . 

Bergmann. 
Richter. 

Nickel    . 

8.279 

Iron 

7.788 

Brisson. 

Molybdenum 

7.400 

Hielm. 

Tin         .        . 

7.291 

Brisson. 

Zinc 

6.861  to  7.1     . 

Do, 

Manganese     . 

6.860 

Bergraann. 

Antimony 

6.702 

Brisson. 

Tellurium 

6.115 

Elaproth. 
Wollaston. 

Titanium 

6.3 

Cerium 

4.4S9  to  4.619 

'  Hisincer  and 
Berzelius. 

Sodium 

0.972  > 
0.866  5 

Gay-Lussac 
and  Tbenard. 

Potassium 
X 
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Some  metals  possesa  the  property  of  moMeabiUty^  that  is,  admit  of 
being  beaten  into  thin  plates  or  leaves  by  hammering.  The  malleable 
metsds  are  gold,  silver,  copper,  tin,  platinum,  palladium,  cadmium, 
lead,  zinc,  iron,  nickel,  potassium,  sodium,  and  frozen  mercury.  The 
other  metaU  are  either  malleable  in  a  Tery  small  degree  only,  or,  like 
antimony,  arsenic,  and  bismuth,  tie  actually  brittle.  Gold  surpasses 
all  metals  in  malleability :— one  grain  of  it  may  be  extended  so  as  to 
cover  about  52  square  inches  of  sur&ce»  and  to  have  a  thickness  not 
exceeding  1 -282020th  of  an  inch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a  property 


which  is  expressed  by  the  term  <aic<^ify.  The  only  metals  which  are 
remarkable  in  this  respect  are  gold,  silver,  platinum,  iron,  and  copper. 
Dr  WoUaston  has  described  a  method  by  which  gold  wire  may  be  oh- 
tamed  so  fine  that  its  diameter  shall  be  only  I-6OOOU1  of  an  inch,  and 
that  660  feet  of  it  are  required  to  weigh  one  erain.  He  has  obtained 
a  platinum  wire  so  small,  that  its  diameter  did  not  exceed  l-80,000th 
ot  an  inch.  (Philos.  Transactions  for  1616.)  It  is  singular  that  the 
ductility  and  malleability  of  the  same  metal  are  not  always  in  propor- 
tion to  one  another.  Iron,  for  example,  cannot  be  made  into  fine 
leaves,  but  it  may  be  drawn  into  very  small  wires. 

The  tenacity  of  metals  is  measured  by  ascertaining  the  greatest 
weight  which  a  wire  of  a  certain  thickness  can  support,  without  break- 
ing. According  to  the  experiments  of  Guyton-Morveau,  whose  re- 
sults are  eomprised  in  the  following  table,  iron>  in  point  of  tenacity, 
surpasses  all  other  metals. 

The  diameter  of  each  wire  was  0.787th  of  a  Rne. 

PO¥tlld$. 

Iron  wire  fupports  649.26 

Copper  .....  802.278 

Platinum 274.82 

Silver 187.187 

.-    Gold 160.768 

Zinc       .  .  109.64 

Tin 84.68 

Lead  .  .  .  27.621 

The  metals  differ  also  in  hardness,  but  I  am  not  aware  that  their 
exact  relation  to  one  another,  under  this  point  of  view,  has  been  de- 
termined by  experiment.  In  the  list  of  hard  metals  may  be  placed 
.titanium,  manganese,  iron,  nickel,  copper,  zinc,  and  palladium.  Gold, 
silver,  and  platinum  are  softer  than  these ;  lead  is  softer  still,  and  pot- 
assium and  sodium  yield  to  the  pressure  of  the  fingers.  The  proper- 
ties of  elasticity  and  sonorousness  are  allied  to  that  of  hardness.  Iron 
and  copper  are  in  these  respects  the  most  conspicuous. 

Many  of  the  metals  have  a  distinctly  c^stalUne  texture.  Iron,  for 
example,  is  fibrous;  and  zinc,  bismuth,  and  antimony,  are  lamellated. 
Metals  are  sometimes  obtained  also  in  crystals ;  and  when  they  do 
crystallize,  they  always  assume  the  figure  of  a  cube,  the  regular  octa- 
hedron, or  some  form  allied  to  it.  Gold,  silver,  and  copper  occur  na- 
turally in  crystals,  while  others  crystallize  when  they  pass  gradually 
from  the  liquid  to  the  solid  condition.  Ciystals  are  most  readily  pro- 
cured from  those  metals  which  fuse  at  a  low  temperature ;  and  bis- 
muth, from  conducting  caloric  less  perfectly  than  other  metals,  and 
therefore  cooling  more  slowly,  Is  best  fitted  for  the  purpose.  The 
process  should  be  conducted  in  the  way  already  described  for  forming 
crystals  of  sulphur.    (Page  177.) 

The  meUls,  with  the  exception  of  mercury,  are  tohd  at  common 
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tMttperatiiref ;  bat  they  may  all  be  Hqaefied  by  heat  The  degree  at 
which  they  yiiM,  or  their  poifU  of  fiUiont  is  very  diflereat  for  differ- 
ent metals,  as  will  appear  by  inspecting  the  foUowiog  table.  (The- 
nard's  Cbemistiy,  vol.  i.) 

Table  ofthefiiHbiUiy  ofd^erent  Metdli. 


Fahr. 


Fusible  betow  a 
red  heat. 


Mercwy     . 

Potassium 

Sodium 

Tin    . 

Bismuth     . 

Lead 

Tellarium — rather  less  fu- 
sible than  lead 

Arsenic — undetermined. 

Zinc  .691 

Antimony— a  little  below 
a  red  heat. 

Cadmium 


Different  Chemists. 
Gay-Lussac  and 
Thenard. 

Newton. 

Biot. 

Klaproth. 

Brongniart. 

Stromeyer. 


b{fiuible  below 
a  red  heat,    '^ 


Pyrometer  of  Wedgwood. 
2QP    Kennedy 

32  lw«dg'^<>od- 


Silver 
Copper 
Gold 

Cobalt — ^rathec  less  fusible 
than  iron. 

^-    ■    ■   VZ 

Manganese  .    160 

Nickel — the  same  as 
Manganese 


Palladium. 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium  • 

Osmium 

Iridium 

Rhodium 

Platinum 

Columbium 


Wedgwood. 
Mackenzie. 
Guyton. 

Richter. 


Almost  infusible,  and  ^  Fusible  be- 
not  to  be  procured  in  I  foretheozy- 
buttons  bv  the  heat  [hydrogen 
of  a  smithes  forge,      j  blowpipe. 


Infusible  in  the  heat  of  a  smith's 
foive,  but  fusible  before  the  oxy- 
hydrogen  blowpipe. 


The  metals  differ  also  in  volatility.  Some  are  readily  volatilized  by 
caloric,  while  others  are  of  so  fixed  a  nature  that  they  may  be  exposed 
to  the  most  intense  heat  of  a  wind  furnace  without  being  dissipated  in 
vapour.  There  are  seven  metals,  the  volatility  of  which  has  been  as- 
certained with  certainty ;  namely,  cadmium,  mercury,  arsenic,  tellu- 
rium, potassium,  sodium,  an4  zinc. 

The  metals  cannot  be  resolved  into  more  simple  parts,  and,  there- 
fore, in  the  present  state  of  chemistry,  they  must  be  regarded  as  ele- 
mentaiy  bodies.  It  was  formerly  conceived  that  they  might  be  con- 
verted into  one  another;  and  this  notion  led  to  the  vain  attempts  of 
the  alchemists  to  convert  the  baser  metals  into  gold.  Hie  chemist 
has  now  learned  that  his  sole  art  consists  in  resolving  compound  bo- 
dies into  their  elements,  and  causing  substances  to  unite  which  wei^ 
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previously  uncombined.  There  is  not  a  single  fact  In  support  of  the 
opinion  that  one  elementary  principle  can  assume  the  propejrties  pe- 
culiar to  another. 

Metals  have  an  extensive  range  of  affinity,  and  on  this  aeeount  few 
of  them  are  found  in  the  earth  native,  that  is,  in  an  uncombined  form. 
They  commonly  occur  in  combination  with  other  bodies,  especially 
with  oxygen  and  sulphur,  in  which  state  they  are  said  td  be  mine' 
ralized.  It  is  a  singular  fact  in  the  chemical  history  of  the  raetals; 
that  they  are  little  disposed  to  combine  in  the  metallic  state  with  com- 
pound bodies.  Chemists  are  not  acquainted  with  any^nstance  of  a 
metal  forming  a  definite  compound  either  with  a  metallic  oxide  or  with 
9n  acid.  They  unite  readily,  on  the  contrary,  with  elementary  sub^ 
stances.  Thus,  under  favourable  circumstances,  they  combine  with 
one  another,  yielding  compounds  termed  alloys,  which  possess  all  the 
characteristic  physical  properties  of  the  pure  metals.  They  unite  like- 
wise with  the  simple  substances  not  metallic,  such  as  oxygen,  chlo- 
rine, and  sulphur,  giving  rise  to  new  bodies  in  which  the  metallic  ch^ 
racter  is  wholly  wanting.  In  all  these  combinations  the  same'  tendency 
to  unite  in  a  few  definite  proportions  is  conspicuous,  as  in  that  depart- 
ment of  the  science  of  which  I  have  just  completed  the  description. 
The  chemical  changes  are  regulated  by  the  same  general  laws;  and  in 
describing  them,  the  same  nomenclature  is  applicable. 

The  method  which  I  propose  to  adopt  in  treating  the  metallic  bo- 
dies has  already  been  explained  in  the  introduction.  Before  proceed- 
ing, however,  to  describe  the  metals  individually,  I  shall  make  some 
general  observations  by  which  the  study  of  this  subject  will  be  much 
facilitated. 

Metals  are  of  a  combustible  nature,  that  is,,  they  are  not  only  sus- 
ceptible of  slow  oxidation,  but,  under  favourable  circumstances,  they 
unite  rapidly  with  oxygen,  giving  rise  to  all  the  phenomena  of  real 
combustion.  Zinc  burns  with^a  brilliant  fiame  when  heated  to  full 
redness  in  the  open  air;  iron  emits  vivid  scintillations  on  being  in- 
flamed in  an  atmosphere  of  oxygen  gas;  and  the  least  oxidable  me- 
tals, such  as  gold  and  platinum,  scintillate  in  a  similar  manner  when 
heated  by  the  oxy-hydrogen  blowpipe. 

The  product  either  of  the  slow  or  rapid  oxidation  of  a  metal,  when 
heated  in  the  air,  has  an  earthy  aspect,  and  was  called  a  calx  by  the 
older  chemists,  the  process  of  forming  it  being  expressed  |Sy  the 
term  calcination.  Another  method  of  oxidizing  metals  is  by  deflagra' 
Hon;  that  is,  by  mixing  them  with  the  nitrate  or  chlorate  of  potassa, 
and  projecting  the  mixture  into  a  red-hofcruCible.  Most  metals  may 
be  oxidized  by  digestion  in  nitric  acid ;  and  nitro-muriatic  acid  is  an 
oxidizing  agent  of  still  greater  power.  • 

Some  metals  unite  with  oxygen  in  one  proportion  only,  but  most  of 
them  have  two  or  three  degrees  of  oxidation.  Metals  differ  remark- 
ably in  their  relative  forces  of  attraction  for  oxygen.  Potassium  and 
sodium,  for  example,  are  oxidized  by  mere  exposure  to  the  air;  and 
they  decompose  water  at  all  temperatures,  the  instant  they  come  in 
cf^n^ct  with  it.  Iron  and  copper  may  be  preserved  in  dry  air  wjthout 
^  change,  nor  can  they  decompose  water  at  common  temperatures ;  but 
they  jire  both  slowly  oxidized  by  exposure  to  a  moist  atmosphere,  and 
'  combine  rapidly  with  oxygen  when  heated  to  redness  in  the  open  air. 
Iron  has  a  stronger  affinity  foroxygen  than  copper;  for  the  former  de- 
composes wate-  at  a  red  heaW  whereas  the  latter  cannot  produce  that 
effect.  Mercury  is  less  inclined  than  copper  to  unite  with  oxygen. 
Thus  it  may  be  exposed  without  change  to  the  influence  of  a  .Inoiet 
atmosphere.    At  a  temperature  of  650°  or  700°  F.  it  is  oxidize d'^j^ut 
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ftt  a  red  heat  it  is  reduced  to  the  metallic  state,  while  the  oxide  of 
copper  can  sustain  the  strongest  heat  of  a  blast  furnace  without  losing 
its  oxygen.  The  afi^ity  of  silver  for  oxygen  is  still  weaker  Uian  that 
of  mercury ;  for  it  cannot  be  oxidized  by  the  sole  agency  of  calorie  at 
any  temperature. 

Metallic  oxides  snfler  reduction,  or  may  be  reduced  to  the  metallic 
state,  in  several  ways : 

1.  By  heat  alone.  By  this  method  the  oxides  of  gold,  silver,  mer- 
cury, and  platinum,  may  be  decomposed. 

2.  By  the  united  agency  of  heat  and  combustible  matter.  Thus,  by 
transroittins  a  current  of  hydrogen  gas  over  the  oxides  of  copper  or 
iron,  heated  to  redness  in  a  tube  of  porcelain,  water  is  generated,  and 
-the  metals  are  obtained  in  a  pure  form.  Carbonaceous  matters  are 
lUcewise  used  for  the  purpose  with  great  success.  Potassa  and  soda, 
for  example,  may  be  decomposed  by  exposing  them  to  a  white  heat 
after  being  intimately  mixed  with  charcoal  in  fine  powder.  A  similar 
process  is  employed  in  metallurgy  for  procuring  the  metals  from  their 
ores,  the  infiammable  materials  beine  wood,  charcoal,  coke,  or  coal. 
In  the  more  delicate  operations  of  tlie  laboratory,  charcoal  and  the 
black  flux  are  preferred. 

8.  By  the  galvanic  battery.  This  is  a  still  more  powerful  agent  than 
the  preceding;  since  some  oxides,  such  as  baryta  and  strontia,  which 
resist  the  united  influence  of  heat  and  charcoal,  are  reduced  by  the 
agency  of  galvanism. 

4.  By  the  action  of  deoxidizine  agents  on  metallic  solutions.  The 
phosphorous  acid,  for  example,  wqen  added  to  a  liquid  containing  the 
oxide  of  mercury,  deprives  the  oxide  of  its  oxygen,  metallic  mercury 
subsides,  and  phosphoric  acid  is  generated.  In  like  manner,  one  me- 
ttd  may  be  precipitated  by  another,  provided  the  affinity  of  the  latter 
for  oxygen-  exceeds  that  of  the  former.  Thus,  when  mercury  is 
added  to  a  solution  of  the  nitrate  of  the  oxide  of  silvev,  Imetallic 
silver  is  thrown  down,  and  oxide  of  mercury  is  dissolved  by  the  nitric 
acid.  On  placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  the  oxide  of  copper  is  formed ;  and  from  this  solution 
metallic  copper  may  be  precipitated  by  means  of  iron. 

Metals,  like  the  simple  non-metaUic  bodies,  may  give  rise  to  oxides 
or  acids  by  combining  with  oxygen.  The  former  are  the  most  frequent 
products.  Many  metals  which  are  not  acidified  by  oxygen  maybe 
formed  into  oxides ;  whereas  one  metal  only,  arsenic,  is  capable  of 
forming  an  acid  and  not  an  oxide.  All  the  other  metals  which  are 
convertible  into  acids  by  oxygen,  such  as  chromium,  tungsten,  and 
molybdcpum,  are  also  susceptible  of  yielding  one  or  more  oxides.  In 
these  instances,  the  acids  always  contain  a  larger  quantity  of  oxygen 
than  the  oxides  of  the  same  metal. 

The  distinguishing  feature  of  the  metalKe  oxides  Is  Ae  property 
which  many  possess  of  entering  into  combination  with  acids.  All 
salts,  those  of  ammonia  excepted,  are  composed  of  an  acid  and  a  me- 
tallic oxide.  In  some  instances  all  the  oxides  of  the  same  metal  are 
capable  of  forming  salts  with  acids,  as  is  exemplified  by  the  oxides  of 
iron.  Moi-e  commonly,  however,  the  protoxide  is  the  sole  atkaline 
or  salifiable  base.  Most  of  the  metallic  oxides  are  insoluble  in  water ; 
but  all  those  that  are  soluble  have  the  property  of  gfving  a  brown  stain 
to  yellow  turmeric  paper,  and  of  restoring  the  blue  colour  of  reddened 
litmus. 

Oxides  sometimes  unite  with  each  other,  and  form  definite  com- 
pounds. The  most  abundant  ore  of  chromium,  commonly  called 
chremate  of  iron,  is  an  instance  of  this  kind :  and  the  red  and  deutox- 
X2 
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ide  of  manganeae,  and  (he  red  oxide  of  lead,  appear  to  belong  to  the 
same' class  of  bodiea. 

Chlorine  has  a  powerful  affinity  for  metallic  substances.  It  com- 
bines readily  with  most  metals  at  common  temperatures,  and  the  ac- 
tion is  in  many  instances  so  violent  as  to  be  accompanied  with  the 
evolution  of  light.  For  example,  when  powdered  zinc,  arsenic,  or 
antimony,  is  thrown  into  ajar  of  chlorine  gas,  the  metal  is  instantly 
inflamed.  The  attraction  of  chlorine  for  metab  even  surpasses  that  of 
oxygen.  Thus,  when  chlorine  is  brought  into  contact  at  a  red  heat 
with  pure  lime,  magnesia,  baryta,  strontia,  potassa,  or  soda,  oxygen 
is  emitted,  and  a  chloride  of  the  metal  is  generated,  the  elements  of 
which  are  so  strongly  united,  that  no  temperature  hitherto  tried  can 
separate  them.  All  other  metallic  oxides  are,  with  few  exceptions, 
acted  on  in  the  same  manner  by  chlorine,  and  in  some  cases  the 
change  takes  place  below  the  temperature  of  ignition. 

All  the  metallic  chlorides  are  solid  at  the  common  temperature,  ex* 
cept  the  bichlorides  of  tin  and  arsenic,  which  are  liquid.  They  are 
fusible  by  heat,  assume  a  crystalline  texture  in  cooling,  and  under 
favourable  circumitances  crystallize  with  regularity.  Several  of  them, 
such  as  the  chlorides  of  tin,  arsenic,  antimony,  and  mercury,  are  vola- 
tile, and  may  be  sublimed  without  change.  They  are  for  the  most 
part  colourless,  do  not  possess  the  metallic  lustre,  and  have  the  aspect 
of  a  salt.  Two  of  the  chlorides  are  insoluble  in  water,  namely,  the 
chloride  of  «ilver  and  protochloride  of  mercury ;  but  all  the  others  are 
more  or  less  soluble  in  water. 

Two  only  of  the  metallic  chlorides,  those  namely  of  gdid  and  pla- 
tinum, are  decomposable  by  heat.  All  the  chlorides,  of  the  common 
metals  are  decomposed  at  a  red  heat  by  hydrogen  gas,  muriatic  acid 
being  disengaged  while  the  metal  is  set  free.  Pure  charcoal  does  not 
effect  their  decomposition ;  but  if  moisture  be  present  at  the  same 
time,  muriatic  and  carbonic  acid  gases  are  formed,  and  the  metal  re- 
mains. They  resist  the  action  of  anhydrous  sulphuric  acid ;  but  all 
the  chlorides,  excepting  those  of  silver  and  mercury,  are  readily  de- 
composed by  hydraled  sulphuric  acid,  with  disengagement  of  muriatic 
acid  gas.  The  change  is  accompanied  with  the  decomposition  of 
water,  the  hydrogen  of  which  combines  with  chlorine,  and  its  oxygen 
with  the  metal.  All  chlorides,  when  in  solution,  may  be  recognised 
by  yielding  with  nitrate  of  silver  a  white  precipitate-,  which  is  chloride 
of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct  action  of 
chlorine  on  the  pure  metals.  They  are  also  frequently  procured  by 
evaporating  a  solution  of,  the  muriate  of  a  metallic  oxide  to  dryness, 
and  applying  heat  so  long  as  any  water  is  expelled.  Metallic  chlorides 
are  often  deposited  from  such  solutions  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No  com- 
bination of  the  kind  occurs  at  a  red  heat,  and  no  chloride  of  a  metallic 
oxide  can  be  heated  to  redness  without  decomposition.  Such  com- 
pounds can  only  be  formed  at  low  temperatures ;  and  they  are  possess- 
ed of  little  permanency.  It  is  well  known  that  chlorine  may  com- 
bine under  favourable  circumstances  with  the  alkalies  and  alkaline 
earths ;  andM.  Grouvelle  has  succeeded  in  making  it  unite  with  mag- 
nesia, and  the  oxides  of  zinc,  copper,  and  iron.  (An.  de  Ch.  et  de 
Ph.  vol.  xvii.)  Of  these  chlorides,  that  of  potassa  may  be  taken  as  an 
example.  If  chlorine  is  conducted  into  a  dilute  and  cold  solution  of 
pure  potassa,  the  chloride  of  that  alkali  will  be  produced ;  but  the 
affinity  which  gives  rise  to  its  formation  is  not  sufficient  for  rendering 
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it  permanent.  It  is  destroyed  by  most  sulratances  that  act  on  either  of 
its  constituents.  The  addition  of  an  acid  produces  this  effect  by  com- 
bining with  the  allcali,  and  hence  the  chlorine  is  separated  by  the  car- 
bonic acid  of  the  atmosphere.  Animal  or  vegetable  colouring  matters 
are  fatal  to  the  compound  by  giving  chlorine  an  opportunity  to  exert 
its  bleaching  power;  and,  indeed,  the  colour  is  removed  by  the 
chloride  of  potassa  almost  as  readily  as  by  a  solution  of  chlorine  in 
pure  water.  It  is  also  destroyed  by  the  action  of  heat ;  nor  can  its 
solution  be  concentrated  without  decomposition;  for,  in  either  case, 
muriatic  and  chloric  acids  are  generated.    (Page  197.) 

Iodine  has  a  strong  attraction  for  metals ;  the  most  of  the  co^m- 
pounds  which  it  forms  with  them  sustain  a  red  heat  in  close  vessels 
without  decomposition.  But  in  the  degree  of  its  affinity  for  metallie 
substances,  it  is  inferior  to  chlorine  and  oxygen.  We  have  seen  that 
chlorine  has  a  stronger  affinity  than  oxygen  for  metals,  since  it  de- 
composes nearly  all  oxides  at  high  temperatures;  and  it  separates 
iodine  also  from  metals  under  the  same  circumstances.  If  the  vapour 
of  iodine  is  brought  into  contact  with  potassa,  soda,  protoxide  of  lead, 
or  the  oxide  of  bismuth,  heated  to  redness,  oxygen  gas  is  evolved, 
and  an  iodide  of  these  metals  will  be  formed.  But  iodine,  so  far  as  is 
known,  cannot  separate  oxygen  from  any  other  metal ;  nay,  all  the 
iodides,  except  those  just  mentioned,  are  decomposed  by  exposure  to 
oxygen  gas  at  the  temperature  of  ignition.  All  the  iodides  are  de- 
composed by  chlorine,  bromine,  and  concentrated  suTphuric  and  nitric 
acids  ;  and  the  iodine  which  is  set  free  may  be  recognised  either  by 
the  colour  of  its  vapour,  or  by  its  action  on  starch.  (Page  212.)  The 
metallic  iodides  are  generated  under  circumstances  analogous  to  those 
above  mentioned  for  procuring  the  chlorides. 

When  the  vapour  of  iodine  is  conducted  over  red-hot  lime,  baryta, 
orstrontia,  oxygen  is  not  disengaged,  but  an  iodide  of  those  oxides,  ac- 
cording to  Gay-Lussac,  is  generated.  The  iodides  of  these  oxides  are, 
therefore,  more  permanent  than  the  analogous  compounds  with  chlo- 
rine. Iodine  does  not  combine  with  any  other  oxide  under  the  same 
circumstances ;  and  indeed  all  other  such  iodides,  very  few  of  which 
exist,  are,  like  the  chlorides  of  oxides,  possessed  of  little  permanency, 
and  are  decomposed  by  a  red  heat. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  suspend- 
ed in  water,  is  precisely  analogous  to  that  of  chlorine.  On  adding 
iodine  to  a  solution  of  the  pure  alkalies  or  alkaline  earths,  water  is  de- 
composed, and  hydriodic  and  iodic  acids  are  generated. 

Bromine,  in  its  affinity  for  metallic  substances,  is  intermediate  be- 
tween chlorine  and  iodine ;  for  while  chlorine  disengages  bromine  from 
its  combination  with  metals,  the  metallic  iodides  are  decomposed  by 
bromme.  The  same  phenomena  attend  the  union  of  bromine^^tth 
metals,  as  accompanies  the  formation  of  metallic  chlorides.  Ihus 
antimony  and  tin  takes  fire  by  contact  with  bromine,  and  its  action 
with  potassium  is  attended  with  a  fiash  of  light  and  intense  disen- 
gagement of  caloric.  These  compounds  have  as  yet  been  but  partially 
examined.  They  may  be  formed  either  by  the  action  of  bromine  on  the 
pure  metals,  or  by  dissolving  metallic  oxides  in  hydrobromic  acid,  and 
evaporating  the  solution  to  dryness. 

As  fluorine  has  not  hitherto  been  obtained  in  a  separate  state,  the 
nature  of  its  action  on  the  metals  is  unknown ;  but  the  chief  difficulty 
of  procuring  it  in  an  insulated  fprm  appears  to  arise  from  its  extremely 
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powerfal  sfflnitY  for  metallic  substances,  in  conseqaence  of  which,  tt 
the  moment  of  becoming  free,  it  attaclcs  the  vessels  and  instruments 
employed  in  its  preparation.  The  best  mode  of  preparing;  the  soluble 
fluorides,  such  as  those  of  potassium  and  sodium,  is  by  dissolving  the 
carbonate  of  potassa  or  soda  in  hydrofluoric  acid,  and  evaporating  the 
solution  to  perfect  dryness.  The  insoluble  fluorides  are  easily  formed 
from  Hie  hydrofloates  of  potassa  and  soda  by  doubje  decomposition. 
These  compounds  are  without  exception  decomposed  by  concentra- 
ted  sulphuric  acid  with  the  aid  of  heat ;  and  the  hydrofluoric  acid,  ia 
escaping,  may  eamly  be  detected  by  its  action  on  glass. 

Sulphur,  like  the  preceding  elementary,  substances,  has  a  strong 
tenancy  to  unite  wiAi  metals,  and  the  combination  may  be  effected 
in  several  ways : — 

1.  Bv  heating  the  metal  directly  with  sulphur.  The  metal,  in  the 
form  of  powder  or  filings,  is  mixed  with  a  due  proportion  of  sulphur 
and  the  mixture  heated  in  an  earthen  crucible,  which  is  covered  to 
prevent  the  access  of  air.  Or  if  the  metal  can  sustain  a  red  heat 
without  fusing,  the  vapour  of  sulphur  may  be  passed  over  it  while 
heated  to  redness  in  a  tube  of  porcelain.  The  act  of  combination, 
which  frequently  ensues  below  the  temperature  of  ignition,  is  attend- 
ed by  free  disengagement  of  caloric ;  and  in  several  instances  the  beat 
evolved  is  so  great,  that  the  whole  mass  becomes  luminous  and 
shines  with  a  vivid  light.  This  appearance  of  combustion,  which  oc- 
curs quite  independently  of  the  presence  of  oxygen,  ia  exemplified 
by  the  sulphurets  of  potassium,  sodium,  copper,  iron,  lead,  and 
bismuth. 

2.  By  igniting  a  mixture  of  a  metallic  oxide  and  sulphur.  The 
sulphurets  of  the  common  metals  may  be  made  by  this  process.  The 
elements  of  the  oxide  unite  with  separate  portions  of  sulphur,  forming 
flulphurous  acid  gas,  which  is  disengaged,  and  a  metallic  sulphuret 
which  remains  in  the  retort. 

8.  By  depriving  the  sulphate  of  an  oxide  of  its  oxygen  by  means 
of  heat  and  combustible  matter.  Charcoal  or  hydrogen  gas  may  be 
employed  for  the  purpose,  as  will  be  described  immediately. 

4.  By  sulphuretted  hydrogen,  or  an  alkaline  faydrosulphuret.  Near- 
ly all  the  salts  of  the  common  metals  are  decomposed,  when  a  cur- 
rent of  sulphuretted  hydrogen  gas  is  conducted  ipto  their  solutions. 
The  salts  of  uranium,  iron,  manganese,  cobalt,  and  nickel,  are  well- 
known  exceptions ;  but  these  also  wre  precipitated  by  the  hydrosul- 
phuret  of  ammonia  or  potassa. 

The  sulphurets  are  opake  brittle  solids,  many  of  which,  such  as  the 
sidphuiets  of  lead,  antimony,  and  iron,  have  a  metallic  lustre.  They 
are  all  fusible  by  beat,  and  commonly  assume  a  crystalline  texture  in 
cooling.  Most  of  them  are  fixed  in  the  fire ;  but  the  sulphurets  of 
mercury  and  arsenic  are  remarkable  for  their  volatility.  AH  the  sul- 
phurets, excepting  those  which  are  formed  of  the  metallic  bases  of  the 
alkalies  and  earths,  are  insoluble  in  water. 

Most  of  the  protosulphurets  are  capable  of  supperti|up  intense  heat 
without  decomposition ;  but  those  which  contain  more  ^an  one  equi- 
valent of  sulphur,  lose  part  of  it  when  strongly  heatefi.  They  «re  all 
decomposed  without  exception  by  exposure  to  the  combined  agency 
of  heat  and  air  or  oxygen  gas ;  and  the  products  depend  entirely  on 
the  degree  of  heat  and  the  nature  of  the  metal.  The  sulphuret  is 
converted  into  the  sulphate  of  an  oxide,  provided  the  sulphate  is  able 
to  support  the  temperature  employed  in  the  operation.  If  this  is  not 
the  case,  then  the  sulphur  is  evolved  under  the  form  of  sulphurous 
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acid,  and  a  metallic  oxide  is  left ;  or  if  the  oxide  ttaelf  is  decem^sed 
by  heat,  the  pure  metal  remains.  The  action  of  heat  and  air  in  de<' 
composing  metallic  sulphurets  is  the  basis  of  several  metallurgtc  prO" 
cesses.  A  few  salphurets  are  decomposed  by  the  action  of  hydroeen 
;as  at  a  red  heat,  the  pure  metal  being  set  free  and  sulphuretted  ny- 
Irogen  evolved.  M.  Rose  finds  that  we  only  sulphurets  which  admit 
of  being  easily  reduced  to  the  metallic  state  in  this  way  are  those  of 
antimony,  bismuth,  and  silver.  The  sulphuret  of  tin  is  decomposed 
with  difficulty,  and  requires  a  very  high  temperature.  All  the  other 
sulphurets  which  he  subjected  to  this  treatment,  were  either  deprived 
of  a  part  only  of  their  sulphur,  such  as  the  bisulphuret  of  iron,  or 
were  nor  attacked  at  all,  as  happened  with  the  sulphurets  of  zinc, 
lead,  and  copper.    (Poggendorff's  Annalen,  iv.  109.) 

Many  of  the  metallic  siilphurets  were  formerly  thought  to  be  com- 
pounds of  sulphur  and  a  metallic  oxide ;  and  I  believe  this  was  first 
shown  to  be  an  error  by  Proust  in  the  essays  which  be  published  in 
the  Journal  de  Physique,  In  the  53d  volume  of  that  work,  he  de- 
monstrated that  the  sulphuret  of  iron,  (magnetic  pyrites),  as  well  as 
the  common  cubic  pyrites  or  bisulphuret,  are  compounds  of  sulphur 
and  metallic  iron  without  any  oxygen.'  He  showed  the  same  also 
with  respect  to  the  sulphurets  of  other  metals,  such  as  those  of  mer- 
cury and  copper.  He  was  of  opinion,  however,  that  in  some  instan- 
ces sulphur  does  unite  with  a  metallic  oxide.  Thus,  when  sul- 
phur and  the  peroxide  of  tin  are  heated  together,  sulphurous  acid  is 
disengaged,  and  the  residue  according  to  Proust  is  a  sulphuret  of  the 
protoxide. 

It  was  the  general  belief  at  that  time,  also,  that  the  compounds 
formed  by  heating  sulphur  with  an  alkali  or  alkaline  earth  are  sulphu- 
rets of  a  metallic  oxide.  Thus,  the  old  hepar  sulphurise  the  sulphu^ 
return  potasses  of  the  Edinburgh  Pharmacopoeia,  which  is  made  by 
fusing  together  a  mixture  of  sulphur  and  dry  carbonate  of  potassa, 
was  regarded  as  a  sulphuret  of  potassa.  In  the  year  1817  M. 
Vauquelin  published  an  essay  in  the  6th  volume  of  the  Jlnnales  de 
Chimie  et  de  Physique,  wherein  he  detailed  some  experiments,  the 
object  of  which  was  to  determine  the  state  of  the  alkali  in  that  com- 
pound. ^  The  late  Count  Berthollet  had  observed  that  when  hep<tr 
sulphuris  is  dissolved  in  water,  the  solution  always  contains  a  coa- 
siderable  portion  of  sulphuric  acid,  which  he  conceived  to  be  gene- 
rated at  the  moment  of  solution.  He  supposed  that  water  is  then 
decomposed  ;  and  that  its  elements  combine  with  different  portions 
of  sulphur,  the  oxygen  giving  rise  to  the  formation  of  sulphuric  acid, 
and  the  hydrogen  to  sulphuretted  hydrogen.  The  accuracy  of  this 
explanation  was  called  in  question  by  Vauquelin  in  the  paper  above 
mentioned,  who  contended  that  the  sulphuric  acid  b  generated,  not 
during  the  process  of  solution,  but  by  the  action  of  heat  during  the 
formation  of  the  sulphuret.  One  portion'of  potassa,  according  to  him, 
yields  its  oxygen  at  a  high  temperature  to  some  of  the  sulphur,  con- 
verting it  into  sulphuric  acid,  while  the  potassium  unites  with  pure 
sulphur.  Two  combinations  therefore  result — sulphuret  of  potassium 
and  sulphate  of  potassa,  which  are  mixed  together.  Though  the  ex- 
periments adduced  in  favour  of  this  opinion  were  not  absolutely  con- 
vincing, yet  they  made  it  the  more  probable  of  the  two ;  and  M. 
Vauquelin,  admitting  however  the  want  of  actual  proof,  inferred  from 
them  that  when  an  alkaline  oxide  is  heated  to  redness  with  sulphur, 
the  former  loses  oxygen,  and  a  sulphuret  of  the  metal  itself  is  pro- 
duced. 

The  sixth  volume  of  the  Annals  likewise  contains  a  paper  by  M. 
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G«y*LiiMac,  who  offered  additional  arguments  ia  fovear  of  Vauqoa*- 
Un's  opinion,  and  I  believe  most  ehemists  held  them  to  be  satisfacto- 
ry. But  the  more  recent  labours  of  MM.  Berthier  and  Berzeltus  have 
given  still  greater  insight  into  the  nature  of  these  compounds.  One 
of  Vauquehn's  diief  arguments  was  drawn  from  the  action  of  char- 
coal on  sulphate  of  potassa.  When  a  mixture  of  this  salt  with  pow" 
dered  charcoal  is  ignited  without  exposure  to  the  air,  carbonic  oxide 
and  carbonic  acid  gases  are  formed,  and  a  sulphuret  is  left,  analogous 
both  in  appearance  and  properties  to  that  which  may  be  made  by  ig- 
niting carbonate;  of  potassa  directly  with  sulphur.  They  are  both  es* 
lentlally  the  same  substance,  and  VauqueHn  conceived  (rom  (he 
strong  attraction  of  carbon  for  oxygen,  that  both  the  sulphuric  add 
and  potassa  would  be  decomposed  by  charcoal  at  a  high  temperature ; 
and  that,  consequently,  the  product  must  be  a  sulphuret  of  potassium. 

M.  Berthier  has  proved  in  the  following  manner  that  these  changes 
do  actuall;^  occur.  (An.  de  Ch .  et  de  Ph^  vol.  xxil. )  He  put  a  known 
weight  of  sulphate  of  baryta  Into  a  crucible  lined  with  a  mixture  of 
clay  and  charcoal,  defended  it  froow  contact  with  the  air,  and  exposed 
it  to  a  white  heat  for  the  space  of  two  hours.  By  this  treatment  it 
suffered  complete  decomposition,  and  it  was  found  that  in  passing 
into  a  sulphuret,  it  had  suffered  a  loss  in  weight  precisely  equal  to 
the  quantity  of  oxygen  originally  contained  in  the  acid  and  earth. 
This  circumstance,  coupled  with  the  fact  that  there  had  been  no  loss 
of  sulphur,  is  decisive  evidence  that  the  baryta  as  well  as  the  acid 
bad  lost  its  oxygen,  and  that  a  sulphuret  of  barium  had  been  formed. 
He  obtained  the  same  results  also  with  the  sulphates  ofstronda.Ume, 
potassa,  and  soda;  but  from  the  fusibility  of  the  sulphurets  of  potassi- 
um and  sodium,  their  loss  of  weight  could  not  be  determined  with 
such  precision  as  in  the  other  Instances. 

The  experiments  of  Berzelius,  performed  about  the  same  time,  aie 
exceedingly  elegant,  and  still  more  satiafoctory  than  the  foregoing. 
(An  de  Ch.  et  de  Ph.  vol.  zx.)  He  transmitted  a  current  of  dry  hy- 
drogen gas  over  a  known  quantity  of  sulphate  of  potassa,  heated  to 
redness.  It  was  expected  from  the  strong  affinity  of  hydrogen  for 
oxygen,  that  the  sulphate  would  be  decomposed ;  and,  accordingly, 
a  considerable  quantity  of  vrater  was  formed,  which  was  carefully  col^ 
leeted  and  weighed.  The  loss  of  weight  which  the  salt  had  experi- 
enced, was  precisely  equivalent  to  the  oxygen  of  the  acid  and  alkali ; 
and  the  oxygen  of  the  water  was  exactly  equal  to  the  loss  in  weight. 
A  similar  result  was  obtained  with  the  sulphates  of  soda,  baiyta, 
strontia,  and  lime. 

It  is  demonstrated,  therefore,  that  the  metallic  bases  of  the  alkalies 
and  albdKne  earths  agree  with  the  common  metals  in  their  disposition 
to  unite  with  sulphur.  It  is  now  certain  that,  whether  a  sulphate  be 
decomposed  by  hydrogen  or  charcoal,  or  sulphur  ignited  with  an  al* 
kali  or  an  alkaline  earth,  a  meiallic  sulphuret  is  always  the  product. 
Direct  combination  between  sulphur  and  a  metallic  oxide  is  a  rare 
occurrence,  and  I  am  not  aware  that  the  existence  of  such  a  com- 
pound has  as  yet  been  cleariy  established.  €ray-Lussac  indeed  states 
that,  when  an  alkaU  or  an  alkaline  earth  is  heated  with  sulphur  ill 
such  a  manner  that  the  temperature  is  never  so  high  as  a  low  red 
beat,  Ifae  product  is  really  the  sulphuret  of  an  oxide.  But  the  facts 
adduced  in  favour  of  this  opinion  are  not  altogether  satisfactoiy,  so 
that  the  real  nature  of  the  product  must  be  decided  by  future  observa** 
tion. 

Several  of  the  metallic  sulphurets  occur  abundantly  in  nature. 
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TImm  that  are  mott  fre<]aent]y  met  with,  are  .the  wlphnreia  of  lead, 
antimony,  copper,  iron,  ^e,  molybdenum,  a?id  aiWer. 

The  metallic  sekniarets  have  so  dose  a  resemblance  in  their  chemi- 
cal relations  to  the  sulphurets,  that  it  is  unnecessary  to  give  a  sepa- 
rate  description  of  them.  They  may  be  prepared  either  by  bringing 
selenium  in  contact  with  the  metals  at  a  high  temperature,  or  by  the 
aelion  of  hydro-selenic  acid  on  metallic  solutions. 

Cyanogen,  as  already  mentioned  at  page  251,  has  an  affinity  for 
metallic  substances.    Few  ef  the  cyanurets,  however,  have  been 
hitherto  obtained  in  a  separate  state,  excepting  those  of  potassium, 
mercury,  silver,  and  paUadhim.    The  three  latter  are  readily  decern-  • 
posed  by  a  red  heat. 

Cyanogen  unites  also  with  seme  of  the  metallic  oxides.  When 
hydrocyanic  acid  vapour  is  transmKted  over  pure  baryta  contained  in 
a  porcelain  tube,  and  heated  till  it  begins  to  be  luminous,  hydrogen 
gas  is  evolved,  and  cyanuret  of  baryta,  according  to  Gay-Lussac,  is 
generated.  The  same  chemist  succeeded  in  forming  the  cyanurets  of 
potassa  and  soda  by  a  similar  process.  These  compounds  exist  only 
In  the  dry  state.  A  change  is  produced  in  them  1^  the  action  of  wa- 
ter, the  nature  of  which  has  already  been  explained.    (Page  254.) 

Respecting  the  preceding  compounds  there  remains  one  subject, 
the  eoBsideratlen  of  which,  as  applying  equally  to  all,  has  been  purw 
posely  delayed.  The  non-metallic  ingradient  of  each  of  these  com- 
pounds is  the  radical  of  a  hydracid ;  that  is,  it  has  the  property  of 
forming  with  hydrogen  an  acid,  which,  like  other  acids,  is  uoaUe  to 
unite  with  metals,  but  appears  to  combine  readily  with  many  metallic 
oxides.  Owing  to  this  circumstance,  a  difficulty  arises  In  explaining 
the  action  of  sw:h  substances  on  water.  Thus,  when  the  chloride  of 
potassium  is  put  into  water,  it  may  dissolve  without  suffering  any 
other  chemieal  change,  and  the  Kqttid  accordingly  contain  chloride  of 
potassium  in  solution.  But  it  is  also  possible  that  the  elements  of  this 
compound  may  react  on  those  of  water,  its  potassium  uniting  with 
oxygen,  end  its  chlorine  with  hydrogen ;  and  as  the  resulting  potassa 
and  muriatic  acid  have  a  strong  affinity  for  each  other,  the  solution 
would  of  course  contain  muriate  of  potassa.  A  similar  uncertainty 
attends  the  action  of  water  on  other  metallic  chlorides,  and  on  the 
compounds  of  metals  with  iodine,  bromide,  sulphur,  and  similar  sub- 
stances; so  that  when  the  iodide,  sulphuret,  and  cyanuret  of  potassi- 
um are  put  into  water,  chemists  are  in  doubt  whether  they  are  dis- 
solved as  such,  or  whether  they  may  not  be  converted,  by  decompo- 
sition of  water,  into  the  hydriodate,  hydrosulphate,  and  hydrocyanate 
of  potassa.  This  question  would  at  once  be  decided,  could  it  be 
ascertained  whether  water  is  or  is  not  decomposed  during  the  process 
of  solution;  but  this  is  the  precise  point  of  difficulty,  since,  from  the 
operation  of  the  laws  of  chemical  union,  no  disengagement  of  gas 
does  or  can  take  place  by  which  the  occurrence  of  such  a  change  may 
be  indicated.  Chemists,  accordingly,  being  guided  by  probabilities, 
are  divided  in  opinion,  and  I  shall,  therefore,  give  a  brief  statement  of 
both  views,  with  the  argumAts  in  favour  of  each. 

According  to  one  view,  then,  the  chloride  of  potassium  and  all 
similar  compounds  .dissolve  in  water  without  undergoing  any  other 
change,  and  are  deposited  in  their  original  state  by  crystallization. 
When  any  hydracid,  such  as  muriatic  or  hydriodic  acid,  is  mixed  with 
potassa  or  any  similar  metallic  oxide,  the  acid  and  salifiable  base  do 
not  unite,  as  happens  in  other  cases;  but  the  oxygens  of  the  oxide 
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combines  with  the  hydsogen  of  the  acid,  and  the  metal  itself  with  the 
radical  of  the  hydracid.  This  kind  of  double  decomposition  unques- 
tionably takes  place  in  some  instances,  as  when  sulphuretted  hydro- 
gen acts  upon  a  salt  of  lead,  the  insoluble  sulphuret  of  lead  being 
actually  precipitated ;  but  it  is  also  by  some  thought  to  occur  even 
when  the  transparency  of  the  solution  is  undisturbed.  According  to 
this  view,  muriate  of  potassa,  and  the  salts  of  the  hydracids  in  gene- 
ral have  no  existence.  When  nitrate  of  the  oxide  of  silver  is  added 
to  a  solution  of  the  chloride  or  cyanuret  of  potassium,  metallic  silver 
unites  with  chlorine  or  cyanogen,  while  the  oxygen  of  the  oxide  of 
silver  combines  with  potassium ;  so  that  nitrate  of  potassa,  and  chlo- 
ride or  cyanuret  of  silver  are  generated.  On  adding  sulphuric  acid  to 
a  solution  of  the  chloride  of  potassium,  instantaneous  production  of 
muriatic  acid  and  potassa  ensues,  in  consequence  of  water  being  de- 
composed, and  yielding  its  hydrogen  to  chlorine,  and  its  oxygen  to 
potassium ;  and  this  explanation  is  justified,  by  the  circumstance,  that 
the  same  change  is  admitted  to  occur  when  concentrated  sulphuric 
acid  is  brought  into  contact  with  solid  chloride  of  potassium.  It  is 
further  believed  that  the  crystallized  muriates  of  lime,  baryta,  and 
atrontia,  which  contain  water  or  its  elements,  are  metallic  chlorides 
combined  with  water  of  crystallization ;  and  the  same  view  is  applied 
to  all  analogous  compounds. 

According  to  the  other  vi^w,  chloride  of  potassium  is  converted  into 
muriate  of  potassa  in  the  act  of  dissolving ;  and  when  the  solution  is 
evaporated,  the  elements  existing  in  the  salt  reunite  at  the^  mo- 
ment of  crystallization,  and  crystals  of  the  chloride  of  potassium  are 
deposited.  The  same  explanation  applies  in  all  eases,  when  the  salt 
of  a  hydracid  crystallizes  without  retaining  the  elements  of  water.  Of 
those  compounds,  which  in  crystallizing  retain  water  or  its  elements  in 
combination,  two  opinions  may  be  formed.  Thus  crystallized  muriate 
of  baryta,  which  consists  of  one  equivalent  of  chlorine,  one  of  barium, 
two  of  oxygen,  and  two  of  hydrogen,  may  be  regarded  as  a  compound 
either  of  muriate  of  baryta  with  one  equivalent  of  water  of  crystalliza- 
tion, or  of  chloride  of  barium  with  two  equivalents  of  water.  When 
exposed  to  heat,  two  proportionals  of  water  are  expelled,  and  chloride 
of  barium  is  left.  When  nitrate  of  the  oxide  of  silver  is  mixed  in  solu- 
tion with  muriate  of  potassa,  the  oxygen  of  the  oxide  of  silver  unites 
with  the  hydrogen  of  the  muriatic  acid ;  chloride  of  silver  is  precipi- 
tated, and  nitrate  of  potassa  remains  in  the  liquid.  On  adding  sul- 
phuric acid  to  a  muriate,  muriatic  acid  is  simply  displaced,  as  when 
carbonic  acid  in  marble  is  separated  from  lime  by  the  action  of  nitric 
acid. 

On  comparing  these  opinions  it  is  manifest  that  both  are  consistent 
with  well  known  affinities.  When,  for  example,  a  metallic  chloride 
is  dissolved  in  water,  the  attraction  of  chlorine  for  the  metal,  and  that 
of  oxygen  for  ^hydrogen,  tend  to  prevent  chemical  change ;  but  the 
affinities  of  the  metal  for  oxygen,  of  chlorine  for  hydrogen,  and  of 
muriatic  acid  for  metallic  oxides,  co-operate  in  determining  the  decom- 
position of  water,  and  the  production  of  a  muriate.  Neither  view  has 
materially  the  advantage  in  point  of  simplicity ;  for  while  some  phe- 
nomena are  more  simply  explained  by  ontfuode  of  reasoning,  others  are 
more  easily  explicable  according  to  the  other.  It  is  certainly  an  ob- 
jection to  the  second  view,  that  it  supposes  the  frequent  'decomposi- 
tion and  rei^oduction  of  water,  without  there  bein^  any  direct  proof 
of  its  occurrence  ;/or  the  solution  of  chlorides  and  similar  compounds 
often  take#  place,  even  without  disengagement  of  cedoric.  The  cir- 
cumstances which  may  be  mentioned  as  appearing  to  indicate  the  de- 
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compotitioa  of  water,  are  the  fonowuig>— 1.  The  solotion  of  some 
compouods,  auch  as  aulphuret  and  cyanuret  of  potassium,  actually 
emit  an  odour  of  sulphuretted  hydrogen  and  hydrocyanic  acid.  2. 
Other  compounds,  such  as  the  chlorides  of  copper,  cobalt,  and  nickel. 
Instantly  acquire,  when  put  into  water,  the  colour  peculiar  to  the  salts 
of  the  oxides  of  those  metals.  3.  The  solution  of  protochloride  of 
Iron,  like  the  protosulphate,  absorbs  oxygen  from  the  atmosphere; 
and  this  effect  could  scarcely  be  expected  to  occur,  unless  the  pro- 
toxide of  iron  were  coBtaioed  in  the  liquid.  4.  In  some  instances 
there  is  direct  proof.of  decomposition  of  water.  Thus  when  aulphuret 
of  aluminium  is  put  into  that  fluid,  alumina  is  generated  and  sulphu- 
retted hydrogen  gas  disengaged  with  effervescence.  In  like  maoner 
the  chleride  and  aulphuret  of  silicium  are  converted  by  water  into 
silica,  and  muriatic  acid  and  sulphuretted  hydrogen.  In  these  cases 
the  want  of  affinity  between  the  new  compounds  causes  their  separa- 
tion, and  thus  affords  direct  proof  that  water  is  decomposed.  But  the 
affinities  which  produce  this  change  do  not  appear  so  likely  to  be  ef- 
fective, as  those  which  are  in  operation  when  the  chloride  of  potassi- 
nm  is  put  into  water;  especially  when  it  is  considered  that  the  attrac- 
tion of  chlorine  for  hydrogen,  and  potassium  for  oxygen,  is  aided  by 
that  of  the  resultlog  acid  and  oxide  for  each  other.  5.  The  last  argu- 
ment I  shall  mention  in  favour  of  this  opinion,  is  founded  on  the 
production  of  the  hydrocarburet  of  iodiue  by  the  mutual  action  of 
potassa,  iodine,  and  alcohol,  as  observed  by  M.  Serullas.  (page  237.) 
It  was  stated  at  page  212,  that  when  potassa  acts  on  iodine,  iodic  and 
bydriodic  acids  are  generated  by  decomposition  of  <  water,  and  the 
solution  contains  the  iodate  and  hydriodate  of  that  alkali.  But  if  the 
existence  of  the  hydriodate  of  potassa  be  denied,  the  only  consistent 
explanation  of  the  phenomena  is,  that  the  elements  of  potassa  unite 
with  separate  portions  of  iodine,  producing  iodic  acid,  which  unites 
with  undecomposed  potassa,  and  iodide  of  potassium.  According  to 
this  view,  water  is  not  decomposed  at  all ;  whereas  the  process  of  M. 
Serullas  does  not  seem  explicable  except  by  the  decomposition  of 
water. 

The  first  argument  is  not  perhaps  to  be  trusted,  because  the  pro- 
duction of  sulphuretted  hydrogen  and  hydrocyanic  acid  is  probably 
occasioned  by  the  carbonic  acid  of  the  atmosphere.  The  four  latter, 
thoueh  not  amounting  to  demonstration,  give  a  high  degree  of  pro-^ 
babinty  to  the  existence  of  salts  of  muriatic  and  bydriodic  acid;  and 
if  this  be  admitted,  the  same  view  may  be  extended  to  other  hydracids. 
This  opinion,  which  is  preferred  by  most  chemists,  except  by  Berze- 
IlusCand  his  pupils,  is  adopted  in  the  present  work.  Considering  how 
-much  the  affinity  of  metals  for  oxygen,  and  of  the  radicals  of  the  hy- 
dracids for  hydrogen,  differs  in  force,  it  is  likely  that  somo  of  the 
chlorides  and  similar  compounds  dissolve  without  change,  while 
others  give  rise  to  decomposition  of  water.  But  as  in  general  chem- 
ists possess  no  means  of  determining  the  nature  of  the  change  in  par- 
ticular instances,  I  have  thought  it  would  be  most  consistent  to  apply 
(he  same  view  to  all,  except  m  some  special  cases  when  the  contrary 
is  mentioned. 

Chemists  are  acquainted  with  several  metallic  phosphurets ;  and  it  is 
probable  that  phosphorus,  like  sulphur,  is  capable  of  uniting  with  all 
the  metals.  Little  attention,  however,  has  hitherto  been  devoted  to 
these  compounds ;  and  for  the  greater  part  of  our  knowledge  concern- 
ing (hem  we  are  indebted  to  the  researches  of  Pelletier.  (An.  de 
Chimie,  vol.  I.  and  xiii.) 
Y 
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The  metalUe  phosphoipete  may  b«  pfepated  ki  feterel  waiys.  t%^ 
motC  direct  method  is  by  bringiog  phofphorm  in  contact  with  metala 
at  a  high  temperature,  or  what  amounts  to  the  same  thing,  by  igniting 
metals  in  contact  with  phosphoric  acid  and  charcoal.  Several  of  the 
phoephurets  may  be  formed  by  passing  a  current  of  pbosphuretted  hy- 
drogen gas  over  metallic  oxides  heated  to  redness  in  a  porcelain  tube. 
Water  is  generated,  and  a  phosphnret  of  the  metal  remains.  By 
similar  treatment  the  chlorides  and  sulphurets  of  many  metals  may  be 
decomposed,  and  phosphorets  formed,  provided  the  metal  is  capable 
of  retaining  phosphorus  at  a  red  heat.  According  to  professor  Rose 
the  phosphurets  of  copper,  nickel,  cobalt,  and  iron  are  the  only  ones 
which  admit  of  being  advantageously  prepared  by  this  method.  (Pog- 
gendofifs  Annalen,  vi.  205.^  When  chlorides  aii  employed,  muriatic 
acid  gas,  and  when  sulphurets  sulphuretted  hydrogen  gas,  is  of  course 
generated. 

Phosphorus  unites  also  with  some  of  the  metallic  oxides.  The 
phosphurets  of  lime  and  baryta,  for  example,  may  be  made  by  conduct- 
ing the  vapour,  of  phosphorus  over  those  earths  at  a  red  heat. 

Ttie  only  metallic  carburets  fA  importance  are  those  of  iron,  ]Rrhich 
will  be  described  in  the  section  on  tiiat  metal. 

Hydrogen  unites  with  few  metals.  The  only  metallic  hydrogurets 
known  are  those  of  zinc,  potassium,  arsenic,  and  tellurium;  No  com- 
pound of  nitrogen  and  a  metal  has  hitherto  been  discovered. 

The  discoveries  of  modem  chemistry  have  materially  added  to  the 
number  of  the  metals,  especially  by  associating  with  them  a  class 
of  bodies  which  was  formerly  believed  to  be  of  a  nature  entirely 
different.  The  metallic  bases  of  the  alkalies  and  earths,  previous  to 
the  year  1807,  were  altogether  unknown  ;  and  before  that  date,  the 
list  of  metals,  with  few  exceptions,  included  those  only  which  are 
commonly  employed  in  the  arts,  and  which  are  hence  often  called 
the  common  metals.  In  consequence  of  this  increase  in  number,  it  is 
found  convenient  for  the  purpose  of  description,  to  arrange  them  in 
separate  groups ;  and  as  (be  alkalies  and  earths  differ  in  several  re- 
spects from  the  oxides  of  other  metals,  it  will  be  convenient  to  des- 
cribe them  separately.  I  have  accordingly  divided  the  metals  into 
the  two  following  classes : — 

C14ASS  I.  Metals,  which  by  oxidation  yield  alkalies  or  earths. 

Class  II.  Metals,  the  oxides  of  which  are  neither  alkalies  nor  earths. 

C1.AS8  I.  This  class  includes  12  metals,  which  may  properly  be  ar- 
fanged  in  three  orders. 

Order  1.  Metallic  bases  of  the  alkalies.  ^They  are  three  in  number ; 
namely, 

Potassium,  Sodium,  Lithium. 

These  metals  have  such  a  powerful  attraction  for  oxygen,  that  at 
common  temperatures  they  decompose  water  at  the  moment  of  conr 
tact,  and  are  oxidized  with  disengagement  of  hydrogen  gas.  The  re- 
sulting oxides  are  distinguished  by  their  causticity  and  solubility  in 
water,  and  by  possessing  alkaline  properties  in  an  eminent  degree. 
They  are  called  alkalies,  and  their  metallic  bases  are  sometimes  term- 
ed alkaUne  or  alkaligenous  metals. 

Order  2.  Metallic  bases  of  the  alkaline  earths.    These  are  font  in 
number ;  namely. 
Barium,  Strontium,  Calcium,  Magnesium. 

These  metals,  like  the  preceding,  decompose  water  rapidly  at  com- 
mon temperatures.    The  resulting  oxides  are  called  alkaline  eariha  ; 
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because  while  in  their  appearance  they  resemble  the  earths,  they  are 
similar  to  the  alkalies  in  haying  a  strong  alkaline  reaction  with 
test  paper,  and  In  neutralizing  acids.  The.  three  first  are  strongly 
caustic,  and  baryta  and  strontia  are  soluble  in  water  to  a  considerable 
extent. 

Order  8.  Metallic  bases  of  the  earths.  These  are  five  in  number ; 
namely,  «        ^ 

Aluminium,  Yttrium,  ~    Silicium. 

Glucinium,  Zirconium, 

The  oxides  of  these  metals  are  well  known  as  the  pure  earths. 
They  are  white  and  of  an  earthy  appearance,  in  their  ordinary  stale 
are  quite  fnsoluble  in  water,  and  do  not  affect  the  colour  of  turmeric 
or  litmus  paper.  As  salifiable  bases  they  are  inferior  to  the  alkaline 
earths.  Silica  is  even  considered  by  several  chemists  as  an  acid, 
and  its  chemical  relations  appear  to  justify  the  opinion.  For  reasoos 
to  be  afterwards  mentioned,  the  propriety  of  placing  silicium  amoug 
the  metals  is  exceedingly  doubtful. 

Class  II.  The  number  of  the  metals  included  in  this  class  amounts 
to  28.  They  are  all  capable  of  uniting  with  oxygen,  and  generally  in 
more  than  one  proportion.  Their  protoxides  have  an  earthy  appear- 
ance, but  with  few  exceptions  are  coloured.  They  are  iusoluble  in 
water,  and  in  general  do  not  affect  the  colour  of  test  paper.  Most  of 
them  act  as  salifiable  bases  in  uniting  with  acids,  and  forming  salts ; 
but  in  this  respect  they  are  much  inferior  to  the  alkalies  and  alkaline 
earths,  by  which  they  may  be  separated  from  their  combinations. 
Several  of  these  metals  are  capable  of  Xorming  with  oxygen  com- 
pounds, which  possess  the  characters  of  acids.  The  metals  in  which 
this  property  has  been  noticed  are  manganese,  arsenic,  chromium, 
molybdenum,  tungsten^  antimony,  colmnbium,  titanium,  tellurium, 
and  gold. 

The  metals  belonging  to  the  second  clas^  may  be  conveniently  ar- 
ranged in  the  three  following  orders : — 

Order  1.  Metals  which  decompose  water  at  a  red  heat.  They  are 
five  in  number;  namely. 

Manganese,  Zinc,  Tin. 

Iron,  Cadmium, 

Order  2.    Metals  which  do  not  decompose  water  at  any  tempera- 
ture, and  the  oxides  of  which  are  not  reduced  to  the  metallic  state  by 
the  sole  action  of  heat.    Of  these  there  are  fifteen  in  number,  namely. 
Arsenic,  Antimony,  Bismuth, 

Chromium,   >  Uranium,  Titanium, 

Molybdenum,  Cerium,  Tellurium, 

Tungsten,  Cobalt,  Copper, 

Columbium,  Nickel,  Lead. 

Order  8.  Metals,  the  oxides  of  which  are  decomposed  by  a  red 
beat.    These  ase 

Mercury,  Platinum,  Osmium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium, 
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CLASS  I. 

METALS,  WHICH  BY  OXIDATION  YIELD 
ALKALIES  OR  EARTHS. 

ORDER  I. 

METALLIC  BASES  OF  TBE  ALKALIES. 


SECTION  I. 

POTASSIUM. 

PotaBsium  was  discovered  in  the  year  1807  by  Sir  H.  Davy,  and 
(he  circumstances  which  led  to  the  discovery  have  already  been  de- 
scribed. (Page  90.)  It  was  prepared  by  that  philosopher  by  causing 
the  hydrate  of  potassa,  slightly  moistened  for  the  purpose  of  increas- 
ing its  conducting  power,  to  conlmunicate  with  the  opposite  poles  of 
a  galvanic  battery  of  200  double  plates ;  when  the  oxygen  both  of  the 
water  and  the  potassa  passed  over  to  the  positive  pole,  while  the  hy- 
drogen of  the  former,  and  the  potassium  of  the  latter,  made  their  ap- 
pearance at  the  negative  wire.  By  this  process,  potassium  is  obtain- 
ed in  'small  quantity  only ;  but  Gay-Ldissac  and  Thenard  invented  a 
method  by  which  a  more  abundant  supply  may  l^  procured;  (Re- 
cherclies  Pbysico-Chimiques,  vol.  i.)  Their  process  consists  in  bring- 
ing fused  hydrate  of  potassa  in  contact  with  turnings  of  iron  heated  to 
whiteness  in  a  gun-barrel.  The  iron,  under  these  circumstances, 
deprives  the  water  and  potassa  of  oxygen,  hydrogen  gas  combined 
with  a  little  potassium  is  evolved,  and  pure  potassium  sublimes,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

Potassium  may  also  be  prepared,  as  first  noticed  by  M.  Curaudau, 
by  mixing  dry  carbQnate  of  potassa  with  haif  its  weight  of  powder^ 
ed  charcoal,  and  exposing  the  mixture,  contained  in  a  gun-barrel,  or 
spheroidal  iron  bottle,  to  a  strong  heat  An  improvement  on  both 
processes  has  been  made  by  M.  Brunner,  who  decomposes  potassa  by 
means  of  iron  and  charcoal.  From  eight  ounces  effused  carbonate  of 
potassa,  six  ounces  of  iron  filings,  and  two  ounces  of  charcoal,  mixed 
intimately  and  heated  in  an  iron  bottle,  he  obtained  140  grains  of  pot- 
assium. (Quarterly  Journal,  xv.  879.)  Berzelius  has  observed  that  the 
potassium  thus  made,  though  fit  for  all  the  usual  purposes  to  which  it 
is  applied,  contains  a  minute  quantity  of  carbon ;  and,  therefore,  if  re- 
quired to  be  quite  pure,  must  be  rendered  so  by  distillation  in  a  retort 
of  iron  or  green  glass.  -  A  modification  of  this  process  has  been  since 
described  by  Wohler,  who  effects  the  decomposition  of  the  potassa 
solely  by  means  of  charcoal.    The  material  employed  for  the  purpose 
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is  carbonate  of  potaaea,  prepared  by  heatiog  cream  of  tartar  to  redness 
in  a  covered  crucible.  (Pogfj^ndorflPs  Aaoalen,  iv.  23.) 

Potassium  is  solid  at  the  ordinary  temperature  of  the  atmosphere. 
At  70^  it  is  somewhat  fluid,  though  iU  fluidity  is  not  perfect  till  it  is 
heated  to  150^  F.  At  50^  it  is  soft  and  malleable,  and  yields  like 
wax  to  the  pressure  of  the  fingers ;  but  it  becomes  brittle  when  cooled 
to  82°  F.  It  sublimes  at  a  red  ,heat  without  undergoing  any  change, 
provided  the  atmospheric  air  be  completely  excluded.  Its  texture  is 
crystalline,  as  may  be  seen  by  breaking  it  across  while  brittle.  In 
colour  and  lustre,  it  is  precisely  similar  to  mercury.  At  60°  ito 
density  is  0.865,  so  that  it  is  considerably  lighter  than  water.  It  is 
quite  opake,  and  is  a  good  conductor  of  electricity  and  caloric. 

The  most  prominent  chemical  property  of  potassium  is  its  affinity  for 
^oxygen  gas.  It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids 
which  contain  oxygen.  Oq  this  account  it  must  be  preserved  either  . 
in  slass  tubes  hermetically  sealed,  or  under  the  surface  of  liquids, 
such  as  naphtha,  of  which  oiygen  is  not  an  element*.  If  heated  in 
the  open  air,  it  takes  fire,  and  burns,  with  a  white  flame  and  great 
evolution  of  caloric*  It  decomposes  water  on  the  instant  of  touching 
it,  and  so  much  heat  is  disengaged,  that  the  potassium  is  inflamed, 
and  burns  vividly  while  swimming  upoi^  its  surface.  The  hydrogen 
unites  with  a  little  potassiutn  at  tne  moment  of  separation ;  and  this 
compound  takes  fire  as  it  escapes;  and  thus  augments  the  brilliancy 
of  the  combustion.  When  potassium  is  plunged  under  water,  violent 
reaction  ensues,  but  without  the  emission  of  light,  and  pure  hydro.-  ' 
gen  gas  is  evolved. 

Oxides  of  Potassium. 

Potassium  unites  with  oxygen  in  two  proportions.  The  protoxide, 
commonly  called  potash  or  potassa,  is  alwajrs  formed  when  potassium 
is  put  into  wkter,  or  when  it  is  exposed  at  common  temperatures  to  dry 
air  or  oxygen  gas.  By  the  first  method  the  protoxide  is  obtained  in 
combination  with  water ;  and  in  the  latter,  it  is  anhydrous.  In  perform- 
ing the  last  mentioned  process,  the  potassiutn  should  be  cut  into  very 
thin  slices  ;  for  otherwise  the  oxidation  is  incomplete.  The  product', 
when  partially  oxidized,  was  once  suspected  to  be  a  distinct  oxide ; 
but  it  is  now  admitted  to  be  a  mixture  of  potassa  and  potassium.  ' 

As  potassa  is  the  protoxide  of  potassium,  it  is  supposed^to  contain 
one  atom  of  each  of  its  elements.  ■  Its  composition  is  best  determined 
by  collecting  and  measuring  the  quantity  of  hydrogen  which  is  evolv- 
ed when  potassium  is  plunged  under  water.  From  the  experiments 
of  Sir  H.  Davy,  and  Gay-Lussac  and  Thenard,«it  appears  that  forty 
grains  of  potassium  decompose  precisely  nine  grains  of  water;  and 
that  while  one  grain  of  hydrogen  escapes  in  the  gaseous  form,  the 
corresponding  eight  grains  of  oxygen  combine  with  the  metal.  The 
protoxide  of  potassium  is,  therefore,  composed  of 

*  Mr  Durand,  Pharmaceutist  of  Philadelphia,  hal  ascertained  that 
the  essential  oil  of  copaiba  is  a  good  liquid  for  the  preservation  of  pot-  . 
assiom.  I  have  used  it  for  this  purpose  for  more  than  a  year,  and 
have  satisfied  myself  that  it  is  much  superior  to  the  ordinary  naphtha. 
The  brightness  of  the  lAlaA  is  but  slightly  impaired,  while  in  naphtha , 
it  becomes  covered  with  a  blackish  film.  Several  chemists  have  used 
the  oil  on  the  recommendation  of  Mr  Durand,  and  with  Satisfactory 
results.  B. 
Y  2 
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Potassium  •       -    40,  or  one  equivalent 

Oxygen  .  8,  or  one  equivalent, 

and  its  equivalent  is  48. 

When  potassium  bums  in  the  open  air  Qr  in  oxygen  gas,  it  is  con* 
verted  into  an  orange-coloured  substance,  which  is  the  peroxide  of 
potassium.  It  may  likewise  be  formed  by  conducting  oxygen  gas 
over  potassa  at  a  red  heat*.  When  this  peroxide  is  put  into  water,  it 
is  resolved  into  oxygen  and  potassa,  the  former  of  which  escapes  with 
effervescence,  and  the  latter  is  dissolved.  According  to  Gay-Lus* 
sac  and  Thenard,  it  consists  of 

Potassium        .  40,  or  one  equivalent. 

Oxygen  .  24,  or  three  equivalents. 

Anhydrous  potassa  may  be  prepared  either  by  the  slow  oxidation  of 
potassium,  as  already  mentioned,  or  by  decomposing  nitrate  of  potassa 
by  a  red  heat  in  a  vessel  of  gold.  In  its  pure  state,  it  is  a  white  solid 
substance,  highly  caustic,  which  fuses  at  a  temperature  somewhat 
above  that  of  redness,  and  bears  the  strongest  heat  of  a  wind  furnace 
without  being  decomposed  or  volatilized.  It  has  a  powerful  affinity 
for  neater,  and  intense  heat  is  disengag:ed  during  the  act  of  combina- 
tion. With  a  certain  portion  of  that  liquid,  it  forms  a  solid  hydrate, 
the  elements  of  which  are  united  by  an  affinity  so  energetic,  tljiat  no 
degree  of  heat  hitherto  employed 'can  effect  their  separation.  This 
'  substance  was  long  regarded  as  the  pure  alkali,  but  it  is  in  reality  the 
hydrate  ofpotasia.  ft  is  composed  of  48  parts  or  one  equivalent  of 
potassa,  and  9  parts  or  one  equivalent  of  water. 

The  hydrate  x>f  potassa  is  solid  at  common  temperatures.  It  fuses 
at  a  heat  rather  below  redness,  and  assumes  a  somewhat  crystal- 
line texture  in  cooling.  It  is  highly  deliquescent,  and  requires  about 
half  its  weight  of  water  for  solution.  It  is  soluble,  likewise,  in  alcohol. 
It  destroys  all  animal  textures,  and  on  this  account  is  employed  in 
surgery  as  a  caustic.  It  was  formerly  called  lapis  eaustieus,  but  it  is 
now  termed  potassa  and  potassa  fusa  by  the  Colleges  of  Edinburgh 
and  London.  This  preparation  is  made  by  evaporating  the  aqueous 
solution  of  potassa  in  a  silver  or  clean  iron  capsule  to  the  consistence 
of  oil,  and  then  pouring  it  into  moulds.  In  this  state  it  is  impure, 
containing  oxide  of  iron,  together  with  the  chloride  of  potassium,  and 
"  carbonate  and  sulphate  of  potassa.  It  is  purified  from  these  substances 
by  dissolving  it  in  alcohol,  and  evaporating  the  solution  to  the  same 

•  Peroixde  of  potassium  may  be  more  readily  obtained  by  expos- 
'  ing  nitrate  of  potassa  to  a  red  heat,  so  long  as  gaseous  matter  is  evolv- 
e<l.  Dr  Bridges  of  Fhilade/phia  ascertained  this  fact  in  the  spring  of 
1S27,  while  investigating  the  nature  of  the  gaseous  matter  given  off, 
on  the  addition  of  water,,  from  the  residuum  of  nitre,  after  exposure  in 
an  iron  bottle  to  a  red  heat.  This  matter  proved  to  consist  of  oxy- 
gen nearly  pure,  and  the  residuum  was  converted  into  a  solution  of  hy- 
drate of  potassa.  These  results  evidently  prove,  that  the  residuum  In 
question  consists  of  peroxide  of  potassium,  mixed,  perhaps,  with  a 
certain  quantijy  of  dry  potassa.  Dr  Bridges  suggests  that  the  employ- 
ment of  this  residtmm  might  prove  convenient  to  the  chemist  for  obtain- 
ing oxygen  extemporaneously,  as  it  would  be  necessary  only  to  add 
water  in  order  to  obtain  the  gas.  J^Torth  Jimerican  Medical  and 
Surgical  Journal,  v.  241. 

About  the  same  time  that  Dr  Bridges  made  the  above  observations, 
similar  ones  were  made  by  Mr  Phillips  in  London.  Annals  o/PhU- 
osophy,  April  1827.  B. 
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eitent  as  bBfore,  ia  a  silver  yessel.  The  operation  should  be  perform- 
ed expeditiously,  in  order  to  prevent,  as  far  as  possible,  the  absorption 
of  carbonic  acid.  When  the  common  caustic  potassa  of  the  druggists 
is  dissolved  in  water,  a  number  of  small  bubbles  of  gas  are  disengaged, 
which  are  pure  oxygen.  Mr  Graham  finds  its  quantity  to  be  variable 
in  different  specimens^  and  to  depend  apparently  on  the  impurity  of 
the  specimen.  r  u    nu 

The  aqueous  solution  of  potassa,  the  aqua  potassa  of  the  Pharma- 
copoeia, is  prepared  by  decomposing  carbonate  of  potassa  by  lime. 
To  effect  this  object  completely,  it  is  advisable  to  employ  equal  parts 
of  quicklime  and  carbonate  of  potassa.  After  slaking  the  lime  in  an 
iron  vessel,  the  carbonate  of  potassa,  dissolved  in  its  own  weight  of 
hot  water,  is  added,  and  the  mixture  boiled  briskly  for  about  ten 
minutes.  The  liquid^  after  subsiding,  is  filtered  through  a  funnel,  the 
throat  of  which  is  obstructed  by  a  piece  of  clean  linen.  This  process 
is  founded  on  the  fact  that  lime  deprives  carbonate  of  potassa  of  its 
acid,  forming  an'insoluble  carbonate  of  lime,  and  setting  the  pure  alkab 
at  liberty.  If  the  decomposition  is  complete,  the  filtered  soluUon 
should  not  effervesce  when  neutralized  with  an  acid. 

As  pure  potassa  absorbs  carbonic  acid  rapidly  when  freely  exposed  to 
the  atmosphere,  it  is  desirable  to  filter  its  solution  in  vessels  contain- 
iog  as  small  a  quantity  of  air  as  possible.  This  is  easily  effected  by 
means  of  the  filtering  apparatus  devised  by  Mr  Donovan.  It  consisti 
of  two  vessels  A  and  D,  of  equal  capacity,  and  connected  with  each 
other  as  represented  in  the  annexed  wood 
cut.  The  neck  b  of  the  upper  vessel  con- 
tains a  tight  cork,  perforated  to  admit  one 
end  of  the  glass  tube  c,  and  the  lower  ex- 
tremity of  the  same  vessel  terminetes  in  a 
funnel  pipe,  which  fits  into  one  of  the  necks  of 
the  under  vessel  D  by  grinding,  luting,  or  by 
a  tight  cork.  The  vessel  D  is  furnished  with 
another  neck  e,  which  receives  the  lower  end- 
of  the  tube  c,  the  junction  being  secured  by 
'  means  of  a  perforated  cork,  or  luting.  The 
throat  of  the  funnel  pipe  is  obstructed  by  a 
piece  of>  coarse  linen  loosely  rolled  up,  and 
not  pressed  down  into  the  pipe  itself.  The 
solution  is  then  poured  in  through  the  mouth 
at  b,  the  cork  and  tube  having  been  removed ; 
and  the  first  droppings,  which  are  turbid,  are 
not  received  in  the  lower  vessel.  The  parts 
of  the  apparatus  are  next  joined  together, 
and  the  filtration  may  proceed  at  the  slowest 
rate,  without  exposure  to  more  air  than  was 
contained  in  the  vessels  at  the  beginning  of 
the  process.  This  apparatus  should  be  made 
of  green  in  preference  to  white  glass,  as  the 
pure  alkalies  act  on  the  former  much  less 
than  on  the  latter.  (Annals  of  Phitosophy, 
xxvi.  115.)  *^  -^  . 

The  mode  by  which  this  apparatus  acts  scarcely  needs  explanation . 
In  order  that  the  liquid  should  descend  freely,  two  conditions  are  re- 
quired ; — first,  that  the  air  above  the  liquid  should  have  the  same  elas- 
tic force,  and  therefore  exert  the  same  pressure,  as  that  below ;  and, 
secondly^  as  one  means  of  securing  the  first  condition,  that  the  air 
should  have  free  egress  from  the  lower  vessel.    Both  objecto,  it  is 
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naDifest,  are  accompUshed  in  the  filtering  apparatus  of  Mr  DonoFan ; 
aince  for  every  drop  of  liquid  which  deacendf  from  the  upper  to  the 
lower  vessel,  a  correspondiog  portion  of  air  passes  along  the  tube  c 
from  the  lower  vessel  to  the  upper. 

The  solution  of  potassa  Is  highly  caustic,  and  its  taste  intensely 
acrid.  It  possesses  alkaline  properties  in  an  eminent  degree,  convert- 
ing the  vegetable  blue  colours  to  green,  and  neutralizing  the  strongest 
acids.  It  absorbs  carbonic  acid  gas  rapidly,  and  is  consequently  em- 
ployed for  withdrawing  that  substance  from  gaseous  mixtures.  For 
the  same  reason  it  should  be  preserved  in  well-closed  bottles,  that  it 
may  not  absorb  carbonic  acid  from  the  atmosphere. 

Potassa  is  employed  as  a  re-agent  in  detecting  the  presence  of  bodies, 
and  in  separating  them  from  one  another.  The  solid  hydrate,  owing 
to  its  strong  affinity  for  water,  is  used  for  depriving  gases  of  hygro- 
metic  moisture,  and  is  admirably  fitted  for  forming  trigorific  mixtures. 
(Page  63.) 

Potassa  may  be  distinguished  from  all  other  substances  by  the  fol- 
lowing characters.  1.  If  tartaric  acid  be  added  in  excess  to  a  salt  of 
potassa  dissolved  in  water,  and  the  solution  be  stirred  with  a  glass  rod, 
m  white  precipitate,  the  bitartrate  of  potassa,  soon  appears,  which  forms 
peculiar  white  streaks  upon  the  glass  by  the  pressure  of  theyod  in 
stirring.  2.  A  solution  of  muriate  of  platinum  causes  a  yellow  preci- 
pitate, the  muriate  of  platinum  and  potassa.  This  is  the  most  delicate 
test,  provided  the  mixture  be  gently  evaporated  to  dryness,  and  a  little 
cold  water  be  afterwards  added.  The  muriate  of  platinum  and  potassa 
then  remains  in  the  form  of  small  shining  yellow  crystals.  3.  By  be- 
ing precipitated  by  no  other  substance. 

Chloride  of  Potassium. — Potassium  takes  fire  spontaneously  in  an 
atmosphere  of  chlorine,  and  burns  with  greater  brilliancy  than  in  oxy- 
gen gas.  This  chloride  is  also  generated  when  potassium  is  heated  in 
muriatic  acid  gas,  hydrogen  being  evolved  at  the  same  time.  It  is 
the  residue  of  the  decomposition  of  chlorate  of  potassa  by  heat ;  and  it 
is  obtained  in  the  form  of  colourless  cubic  crystals,  when  a  solution  of 
the  muriate  of  potassa  evaporates  spontaneously. 

Chloride  of  potassium  has  a  saline  and  rather  bitter  taste.  It  re- 
quires three  parts  of  water  at  60^  F.  for  solution,  and  is  rather  more 
soluble  in  hot  water.  Its  solution  probably  contains  the  muriate  of 
potassa.  (Page  276.)  It  is  composed  of  36  parts,  or  one  equiva- 
lent of  chlorine,  and  40  parts,  or  one  equivalent  of  potassium. 

Iodide  of  Potassium, — ^This  compound  is  formed  with  emission  of 
light,  when  potassium  is  heated  in  contact  with  iodine.  It  may  like- 
wise be  obtained  by  means  of  heat  from  the  iodate,  and  by  crystalli- 
zation from  the  hydriodate  of  potassa.  It  fuses  readily  when  heated, 
and  is  volatilized  at  a  temperature  below  redness.  It  deliquesces  in  a 
moist  atmosphere,  and  is  very  soluble  in  water. .  It  dissolves  also  in 
strong  alcohol;  and  the  solution,  when  gently  evaporated,  yields 
small  colourless  cubic  crystals  of  the  iodide  of  potassium.  It  Is  com-  . 
posed  of  124  parts,  or  one  equivalent  of  iodine,  and  40  parts,  or  one 
equivalent  of  potassium. 

,  Hydrogen  and  Potassium. — ^These  substances  unite  in  two  pro- 
portions, forming  in  one  case  a  solid,  and  in  thf  other  a  gaseous 
compound.  The  latter  is  produced  when  hydrate  of  potassa  is 
decomposed  by  iron  at  a  white  heat,  and  it  appears  also  to  he  gener- 
ated when  potassium  burns  on  the  surface  of  water.  It  inflames 
spontaneously  in  air  or  oxygen  gaS;  but  on  standing  for  some  hours 
over  mercury,  the  greater  part,  if  not  the  whole  of  the  potassium,  is 
deposited. 
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The  solid  hvdroguret  of  potassium  was  made  by  Gay-Lussae  and 
Tbenard,  by  beaUng  potassium  In  hydrogen  gas.  It  is  a  gray  solid 
substance,  which  is  readily  decomposed  by  heat  or  contact  with 
water.    It  does  not  inflame  spontaneously  in  oxygen  gas. 

Sulphwtt  of  Pota»9ium» — Sulphur  unites  readily  with  potassium 
by  the  aid  of  heat ;  and  so  much  caloric  is  evolved  at  the  moment  of 
combination,  that  the  mass  becomes  incandescent.  The  best  method 
of  obtaining  a  sulphuret  in  definite  proportion  is  by  decomposing 
sulphate  of  potassa  according  to  the  process  of  Bertbier  or  Berzelius. 
(Page  274.)  This  sulphuret  Is  composed  of  16  parts,  or  one  equivalent 
of  sulphur,  and  40  parts,  or  one  equivalent  of  potassium.  It  has  a  red 
colour,  fuses  below  the  temperature  of  ignition,  and  assumes  a  crystal- 
line texture  in  cooling.  It  is  dissolved  by  water,  being  probably 
converted,  with  evolution  of  caloric,  into  the  bydrosulphuret  of  potassa. 

Besides  this  protosulphuret,  Berzelius  has  described  four  other 
compounds,  which  he  obtained  by  igniting  carbonate  of  potassa  with 
different  proportions  of  sulphur.  These  are  composed  of^one  equiva* 
lent^  of  potassium  to  two,  three,  four,  and  five  equivalents  of  sulphur. 

PTioBphur^t  of  Potassium. — ^This  compound  may  be  formed  by  the 
action  of  potassium  on  phosphorus  with  t^e  aid  of  a  moderate  heat. 
It  is  converted  by  water  into  potassa  and  jperphosphuretted  hydrogen 
gas,  which  inflames  at  the  moment  of  its  lormation. 


SECTION  11. 

SODIUM. 

Sir  H.  Davy  made  the  discovery  of  sodium  in  the  year  1807,  ■ 

"few  days  after  he  had  discovered  potassium.    The  first  portions  of  it 

were  obtained  by  means  of  galvanism ;   but  it  may  be  proc&red  in 

much  larger  quantity  by  chemical  processes,  precisely  simUar  to  those 

described  in  the  last  section. 

Sodium  has  a  strong  metallic  lustre,  and  in  colour  Is  very  analogous 
to  silver.  It  is  so  soft  at  common  temperatures,  that  it  may  be  formed 
into  leaves  by  the  pressure  of  the  fingers.  It  fuses  at  200°  F.  and 
rises  in  vapour  at  a  full  red  heat.    Its  specific  gravity  is  0.972. 

Sodium  soon  tarnishes  on  exposure  to  the  air,  though  less  rapidly 
than  potassium.  When  thrown  into  water,  it  swims  upon  its  surface, 
occasions  violent  effervescence  and  a  hissing  noise,  and  is  rapidly 
oxidized ;  but  no  light  is  visible.  The  action  is  stronger  with  hot 
water,  and  a  few  scintillations  appear ;  but  still  there  is  no  flame.* 
In  each  case,  soda  \s  generated,  owing  to  which  the  water  acquires  an 
allcaline  reaction,  and  pure  hydrogen  gas  is  disengaged. 


*  The  sodium,  which  I  have  had  occasion  to  use,  uniformly  inflames 
on  boiling  water.  The  experiment  is  a  very  beautiful  one,  and  deserves 
the  attention  of  chemical  lecturers.  This  fact  I  obtained  in  conver- 
sation  with  Mr  D.  B.  Smith,  and  I  do  not  now  recollect  to  have 
seen  it  mentioned  in  any  chemical  work,  except  Professor  Silliman's 
Outlines.  It  may  be  supposed  that  the  inflammation  of  the  metal  is 
owing  to  the  presence  of  potassium  ;  but  this  is  not  probable,  as  the 
flame  is  of  a  fine  yellow  colour,  very  different  from  the  rose  colouf  of 
the  flame  of  potassium.    B. 
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(h^dis  of  Smfitifn.— Chemifts  are  acquainted  «rith'  two  defiuite 
compounda  only  of  sodium  and  oiygen.  The  protoxide,  or  soda,  is  a 
gray  white  solid,  difficult  of  fusion,  which  is  obtained  by  burning 
'  sodium  in  dry  atmospheric  air.  It  is  also  formed  when  sodium  is 
oxidized  by  water ;  and  its  composition  may  be  determined  by  col- 
lecting the  hydrogen  which  is  then  disengaged.  According  to  the 
experiments  of  Sir  H.  Davy,  the  results  of  which  differ  little  from  those 
of  Gay-Lussac  and  Thenard,  soda  consists  of  24  parts  of  sodium  and 
8  parts  of  oxygen.  For  this  reason,  24  is  regarded  as  the  atomio 
weight  of  sodium,  and  32  the  combining  prc^>ortion  of  soda. 

When  sodium  is  strongly  heated  in  excess  of  pure  oxygen,  an 
orange-coloured  substance  is  formed,  which  is  the  peroxide  of  sodium. 
ItisTOSolved  by  water  into  oxygen  and  soda ;  and  is  composed,  accord- 
ing  to  Gay-Lussac  and  ThenaS,  of  two  equivalents  of  sodium  and 
three  of  oxygen. 

With  water  soda  forms  a  solid  hydrate,  easily  fusible  by  heat,  which 
is  very  caustic,  soluble  in  water  and  aeohol,  has  povf  erful  alkaline 
properties,  and  in  all  its  chemical  relations  is  exceedingly  analogous 
to  potassa.  It  is  prepared  frqm  the  solution  of  pure  soda,  exactly  in 
the  same  manner-as  the  corresponding  preparation  of  potassa.  The 
solid  hydrate  is  composed  of  32  parts  or  one  equivalent  of  soda,  and  9 
parts  or  one  equivalent  of  water. 

Soda  is  readily  distinguished  from  other  alkaline  bases  by  the 
following  characters.  1.  It  yields  with  sulphuric  acid  a  salt,  which 
by  its  taste  and  form  is  easily  recognised  as  Glauber's  salt  or  sulphate 
of  soda.  2.  All  its  salts  are  soluble  in  water,  and  are  not  precipitated 
by  any  reagent.  3.  On  exposing  lis  salts  by  means  of  platinum 
wire  to  the  blowpipe  flame,  they  communicate  to  it  a  rich  yellow 
colour. 

Chloride  of  Sodium. — ^This  compound  may  be  formed  directly  bv 
burning  sodium  in  chlorine,  or  by  heating  it  in  muriatic  acid  gas.  It 
is  deposited  in  crystals,  when  a  solution  of  muriate  of  soda  is  evapor- 
ated; forthis  salt,  like  muriate  of  potassa,  exists  only  while  in  solution, 
and  is  converted  into  a  chloride  during  the  act  of  crystallizing.  Hence 
sea  water,  the  chief  ingredient  of  which  is  muriate  of  soda,  yields 
chloride  of  sodium  by  evaporation ;  and  from  this  source  is  derived 
most  of  the  different  kinds  of  common  salt,  such  as  fishery  salt,  stoved 
salt,  and  bay  salt,  substances  essentially  the  same,  and  between  which 
the  sole  difference  depends  on  the  mode  of  preparation.  Chloride  of 
sodium  is  known  likewise  as  a  natural  product  under  the  name  of  rock 
or  mineral  salt. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt  are 
the  purest,  always  contain  small  quantities  of  sulphate  of  magnesia 
and  lime,  and  muriate  of  magnesia.  These  earths  may  be  precipitated 
•s  carbonates  by  boiling' a  solution  of  salt  for  a  few  minutes  with  a 
'  slight  excess  of  carbonate  of  soda,  filtering  the  liquid,  and  neutralizing 
with  muriatic  acid.  On  evaporating  this  solution  rapidiv,  chloride  of 
^  sodium  crystallizes  in  hollow  four-sided  pyramids ;  but  it  occurs  in 
ir^ular  cubic  crystals  when  the  solution  is  allowed  to  evaporate  spon- 
taneously. These  crystals  contain  no  water  of  crystallization,  but 
decrepitate  remarkably  when  heated,  owing  to  the  expansion  of  water 
mechanically  confined  within  them. 

Pure  chloride  of  sodium  has  an  agreeably  saline  taste.  It  fuses  at  a 
red  heat,  and  becomes  a  transparent  brittle  mass  on  cooling.  It  deli- 
quesces slightly  in  a  moist  atmosphere,  but  undergoes  no  change 
when  the  air  is  dry.  In  pure  alcohol  it  is  insoluble.  It  requires  twice 
and  a  half  its  weight  of  water  at  60"  F.  for  solution,  and  its  solubility 
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\b  not  increaBed  by  heat.  Like  the  fdable  cfaleiidei  in  geneml,  it 
passes  into  a  muriate  wtiile  in  tlie  act  of  dissolving,  (l^ge  276.) 
Sulphuric  acid  decomposes  it  With  evolution  of  mnriattc  acid  gas,  and 
formation  of  sulphate  of  soda.  In  composition  it  is  analogotta,  to  the 
chloride  of  potassium,  consisting  of  one  equivalent  of  chlorine,  and 
one  of  sodium. 

The  uses  of  chloride  of  sodinm  are  well  known.  Besides  its  em> 
ployment  in  seasoning  food,  and  in  preserving  meat  firom  putrefectidn,  t 
property  which  when  pure  it  possesses  in  a  fatgh  degree,  it  is  used  for 
various  purposes  in  the  arts,  especially  in  the  formation  of  mtiriatit 
acid  and  chloride  of  lime. 

The  compounds  of  sodium  with  iodive,  sulphur,  and  phosphorus  a  r* 
so  analogous  to  those  which  pota^ium  forms  with  the  same  elements, 
that  a  particular  description  of  them  is  unnecessary. '  Sodium  does 
not  unite  with  hydrogen. 

Chloride  of  Soda. — ^This  compound  has  lately  acquired  the  atten- 
tion of  scientiBc  men  under  the  name  of  Labarraque's  disinfecting 
soda  liquid,  which  was  announced  by  M.  Labarraque  as>a  compoond 
of  chlorine  and  soda,  analogous  to  the  well  known  bleaching  powder, 
chloride  of  lime.  The  nature  of  this  liquid  has  been  since  investigated 
by  Mr  Phillips  and  Mr  Faraday^  especially  by  the  latter;  and  it 
appears  from  the  experiments  of  this  chemist,  that  whHe  "chloride  of 
soda  is  the  active  ingredient,  its  properties  are  considerably  modified 
by  the  presence  of  carbonate  of  soda.  (Quarterly  Journal  of  Science, , 
N.S.  ii.84.) 

Pure  chloride  of  soda  is  easily  prepared  by  transmitting  to  saturation 
a  current  of  chlorine  gas  into  a  cold  and  rather  dilute  solution  of 
caustic  soda.  Common  carbonate  of  soda  may  be  substituted  for  the 
pure  alkali ;  but  considerable  excess  of  chlorine  must  then  be  employed 
in  order  to  displace  the  whole  of  the  carbonic  acid.  It  may  also  be 
formed  easily,  cheaply,  and  of  uniform  strength,  by  decomposing 
chloride  of  lime  with  carbonate  of  soda,  as  proposed  by  M.  Fayen*. 
(Quarterly  Journal  of  Science,  N.  S.  i.  236.)  However  prepared,  its 
properties  are  the  same.  As  its  constituents  are  retained  in  combina- 
tion by  a  feeble  affinity,  the  compound  is  easily  destroyed.  It  emits 
an  odour  of  chlorine,  and  possesses  the  bleaching  properties  of  that 
substance  in  a  very  high  degree.  When  kept  in  open  vessels,  it  is 
slowly  decomposed  by  the  carbonic  acid  of  the  atmosphere  with 
evolution  of  chlorine ;  and  the  change  is  more  rapid  in  air  charged 
with  putrid  effluvia,  because  the  carbonic  acid  produced  during  putre- 
faction promotes  the  decomposition  of  the  chloride.  On  this,  as  was 
proved  by  M.  Gaultier  de  Claubry,  depends  the  efficacy  of  an  alkaline 
chloride  in  purifying  air  loaded  with  putrescent  exhalations.  When 
the  solution  is  heated  to  the  boiling  point,  or  concentrated  by  means 
of  heat,  the  chloride  undergoes  a  change  previously  explained,  (page 
197,)  and  is  converted  into  chlorate  and  muriate  of  soda. 

Chloride  of  soda  may  be  employed  in  bleaching,  and  for  all  purposes 
io  which  chlorine  gas  or  its  solution  was  formerly  "applied.  It  is  now 
much  used  in  removing  the  offensive  odour  arising  from  drains, 
sewers,  or  all  kinds  of  animal  matter  in  a  state  of  putrefaction.  Bodies 
disinterred  for  the  purpose  of  judicial  inquiry,  or  parts  of  the  body 
advanced  in  putrefaction,  may  by  its  means  be  rendered  fit  for 
examination ;  and  it  is  employed  in  surgical  practice  for  destroying 
the  fetor  of  malignant  ulcers.  Clothes  worn  by  persons  duripg  pesti- 
lential diseases  are  disinfected  by  being  washed  with  this  compound.. 
It  is  also  used  in  fumigating  ,the  chambers  of  the  sick ;  for  the  disen-^ 
gagement  of  chlorine  is  so  gradual,  that  it  does  not  prove  injurious  or 
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•DDoying  to  the  patient.     Id  all  these  inataneei,  chlorine  appeart 
actually  to  decompose  noxious  exhalations  by  uniting  with  the  ele- , 
ments  of  which  they  consist,  and  especially  with  hydrogen. 

In  preparing  the  disinfecting  liquid  of  Labarraqoe,  it  is  necessary  to 
be  exact  in  the  proportion  of  the  ingredients  employed.  The  quanti- 
ties used  by  Mr  Faraday,  founded  on  the  directions  of  Labarraque,  are 
the  following:  He  dissolved  2S0O  grains  of  crystallized  carbonate  of 
ioda  in  1.28  pints  of  water,  and  through  the  solution,  contained  In 
a  Woulfe's  apparatus,  was  transmitted  the  chlorine,  evolved  from  a 
Biztare  of  967  grains  of  sea-salt  and  750  grains  of  peroxide  of  manga- 
nese, when  acted  on  by  967  grains  of  sulphuric  acid,  diluted  with  760 
grains  of  water.  In  order  to  remove  any  accompanying  muriaUc  acid 
gas,  the  chlorine  before  reaching  the  soda' was  conducted  through 
pare  water,  by  which  means  neariy  a  third  part  was  dissolved,  but  the 
remaining  two-thirds  were  fully  sufficient  for  the  purpose.  The  gas 
was  readily  absorbed  by  the  solution,  and  from  the  beginning  to  the 
end  of  the  process,  not  a  particle  of  carbonic  acid  gas  was  evolved ; 
whereas  by  employing  an  excess  of  chlorine,  the  carbonic  acid  may 
he  entirely  expelled. 

The  solution  thus  prepared  has  all  the  characters  of  Labarraque's 
soda  liquid.  Its  colour  is  a  pale  yellow,  and  it  has  but  a  slight  odour 
•f  chlorine.  Its  taste  is  at  first  sharp,  saline,  and  scarcely  at  all  alka- 
line ;  but  It  produces  a  persisting  biting  effect  upon  the  tongue.  •  It 
first  reddens  and  then  destroys  the  colour  of  turmeric  paper.  When, 
boiled  it  does  not  give  out  chlorine,  nor  is  its  bleaching  power  per- 
eeptibly  impaired ;  and  if  carefully  evaporated,  it  yields  a  mass  of 
damp  crystals,  which,  when  redissolved,  bleach  almost  as  powerfully 
as  the  original  liquid.  When  rapidly  evaporated  to  dryness,  the  , 
residue  contains  scarcely  any  chlorate  of  soda  or  chloride  of  sodium.; 
but  It  has  nevertheless  lost  more  than  half  of  its  bleaching  power,  and 
ther^ore  chlorine  must  have  been  evolved  during  the  evaporation. 
The'  solution  deteriorates  gradually  by  keeping,  chloric  acid  and 
chloride  of  sodium  being  generated.  When  allowed  to  evaporate 
spontaneously,  chlorine  gas  is  gradually  evolved,  and  crystals  of  car- 
bonate of  soda  remain. 

In  some  respects  the  nature  of  this  liquid  is  still  obscure ;  but.  from 
the  preceding  facts,  drawn  from  the  essay  of  Mr  Faraday,  two  points 
seem  to  he  established.  First,  that  the  liquid  contains  chlorine, 
carbonic  acid,  and  soda.  Secondly,  that  the  chlorine  is  not  simply 
'  combined  either  with  water  or  soda ;  for  by  boiling,  the  gas  is  neither 
expelled  as  it  would  be  from  ad  aqueous  solution,  nor  does  the  liquid 
yield  chloric  acid  and  chloride  of  sodium  as  when  pure  chloride  of  soda 
is  heated.  It  may  perhaps  be  regarded  as  a  compound  of  chloride  of 
soda  and  bicarbonate  of  soda.  It84>roduction  may  be  conceived  by 
supposing,  that  when  chlorine  is  introduced  in  due  quantity  into  a  solu- 
tion of  carbonate  of  soda,  it  combines  with  half  of  the  alkali,  while  the 
remainder  with  all  the  carbonic  acid  constitutes  bicarbonate  of  soda. 
Should  this  salt  unite,  though  by  a  feeble  affinity,  with  chloride  of 
soda,  both  may  thence  derive  a  degree  of  permanence,  which  neither 
sinely  possesses.  'During  spontaneous  evaporation,  the  tendency 
of  the  common  carbonate  to  crystallize  may  occasion  its  reproduc- 
tion, and  the  disengagement  of  chlorine.  lliese  remarks,  however, 
are  merely  speculative. 
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SECTION  III. 

LITHIUM. 

Id  the  year  1818,  M.  Arfwedson  of  Sweden*,  in  analyzing  the 
mineral  called  petalite,  discovered  the  existence  of  a  new  alkali, 
and  its  presence  has  since  been  detected  in  spodumene,  lepidolite,  and 
in  several  varieties  of  mica.  Berzelius  has  found  it  also  in  the  waters 
of  Carlsbad  in  Bohemia.  From  the  circumstance  of  its  having  been 
first  obtained  from  an  earthy  mineral,  Arfwedson  gave  it  the  name  of 
IWiion  (from  xtBuos  lapideus,)  a  term  since  changed  in  this  country 
to  Uthiet.  It  has  hitherto  been  procured  in  small  quantity  only*  be- 
cause spodumene  and  petalite  are  rare,  and  do  not  contain  more  than  6 
or  8  per  cent  of  the  alkali.  It  is  combined  in  these  two  minerals  with 
silica  and  alumina,  whereas  potassa  is  likewise  present  in  lepidolite  and 
Jithion-mica,  and  therefore  lithia  should  be  prepared  solely  from  the 
former. 

The  best  process  for  preparing  Uthia  is  that  which  was  suggested  by 
Berzelius.  One  part  of  petalite  or  spodumene,  in  fine  powder,  is  mix- 
ed intimately  with  two  parts  of  fluor  spar,  and  the  mixture  is  heated 
with  three  or  four  times  its  weight  of  sulphuric  acid,  as  long  as  any 
acid  vapours  are  disengaged.  The  silica  of  the  mineral  is  attacked  by 
bydrofluoric  acid,  and  dissipated  in  the  form  of  fluosilicic  acid  gas, 
while  the  alumina  and  lithia  unite  with  sulphuric  acid.  After  dissolv- 
ing these  salts  in  water,  the  solution  is  boiled  with  pure  ammonia  to 
precipitate  the  alumina,  filtered,  evaporated  to  dryness,  and  then  heat* 
ed  to  redness  to  expel  the  sulphate  of  ammonia.  The  residue  is  pure 
Bulphate  of  lithiaf. 

Sir  H.  Davy  succeeded,  by  means  of  galvanism,  in  obtaining  a  white 
coloured  metal  like  sodium  from  lithia ;  but  it  was  oxidized,  and  thus 
reconverted  into  the  alkali,  with  such  rapidity  that  it  could  not  be  col- 
lected. Lithia  may,  therefore,  be  regarded  as  the  protoxide  of  lithium  ; 
and,  according  to  the  analysis  of  sulphate  of  lithia  by  Stromeyer  and 
Thomson,  lithia  is  inferred  to  be  composed  of 

Lithium  .  .  10    or  one  proportional. 

Oxygen  .  .  8    or  one  proportionals 

CoDsequentiy,  its  combining  proportion  is  18. 

Lithia  is  distinguished  from  potassa  and  soda  by  its  greater  neutrali- 
zing power,  by  forming  sparingly  soluble  salts  with  carbonic  and  phos- 
phoric acids,  and  by  the  circumstance  of  the  chloride  of  lithium  be- 
ing highly  deliquescent,  and  dissolving  freely  in  strong  alcohol.  This 
alcoholic  solution  burns  with  a  red  flame ;  and  all  the  salts  of  lithia, 
when  heated  on  platinum  wire  before  the  blowpipe,  tinge  the  flame  of 
a  red  colour.  Further,  when  lithia  is  fused  on  platinum  foil,  it  attacks 
that  metal,  and  leaves  a  dull  yellow  trace  round  the  spot  on  which  it 
lay.  (Berzelius  on  the  Blowpipe.    Children's  Translation.) 


*  An.  de  Ch.  et  de  Ph.  vol.  x. 

t  The  sulphate  of  lithia  may  be  decomposed  by  acetate  of  baiyta> 
and  the  acetate  of  lithia  thus  obtained,  by  exposure  to  a  red  heat,  is 
converted  into  the  carbonate.  The  carbonate  may  then  be  brought 
to  the  state  of  a  caustic  hydrate  by  the  action  of  lime  in  the  usual 
manner.  B. 
Z 
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Lithia  is  distiDgoiBhed  from  the  alkaline  earths  by  formiDg  soluble 
salts  with  sulphuric  and  oxalic  acids ;  and  by  the  circumstance  that 
carbonate  of  lithia,  though  sparingly  soluble  in  water,  forms  vlith  it  a 
solution  which  gives  a  brown  stain  to  turmeric  paper. 


CLASS  I. 

ORDER  II. 

METALLIC  RASES  OF  TJSE  ALEALIYE  EARTHS. 


SECTION    IV. 


BARIUM. 


Sir  H.  Davy  discovered  barium^  the  metallic  base  of  baryta,  in 
the  year  1808,  by  a  process  suggested  by  Berzelius  and  Pontin.  It 
consists  in  forming  carbonate  of  baryta  into  a  paste  with  water,  and 
placing  a  globule  of  mercury  in  a  little  hollow  made  in  its  surface. 
The  paste  was  laid  upon  a  platinum  trav  which  communicated  with 
the  positive  pole  of  a  galvanic  battery  of  100  double  plates,  while  the 
negative  wire  was  brought  into  contact  with  the  mercury.  The  baryta 
was  decomposed,  and  its  barium  entered  into  combination  with  mer- 
cury. This  amalgam  was  then  heated  in  a  vessel  free  from  air,  by 
which  means  the  mercury  was  expelled,  and  barium  obtained  in  a  pure 
form. 

Barium,  thus  procured,  is  of  a  dark  gray  colour,  with  a  lustre  in- 
ferior to  cast  iron.  Its  specific  gravity  is  far  greater  than  water,  for  it 
sinks  rapidly  in  strong  sulphuric  acid.  It  attracts  oxygen  with  avidity 
from  the  air,  and  in  doing  so  yields  a  white  powder  which  is  baryta. 
It  effervesces  strongly,  from  the  escape  of  hydrogen  gas,  when  thrown 
into  water,  and  a  solution  of  batytais  produced.  It  has  hitherto  been 
obtained  in  very  minute  quantities,  and  consequently  its  properties 
have  not  been  determined  with  precision. 

Oxides  of  Barium,  Barytes,  or  Baryta,  so  called  from  the  great 
density  of  its  compounds,  (irom  0Aguc  heavy)  was  discovered  in  the 
year  1774  by  Scbeele.  It  is  the  sole  product  of  the  oxidation  of  barium 
in  air  or  water.  It  may  be  prepared  by  decomposing  nitrate  of  baryta 
at  a  red  heat ;  or,  as  was  ascertained  by  Dr  fitope,  by  exposing  carbon- 
ate of  baryta,  contained  in  a  black  lead  crucible,  to  an  intense  white 
heat ;  a  process  which  succeeds  much  better,  when  the  carbonate  is 
intimately  mixed  with  charcoal.  Baryta  is  a  gray  powder,  the  specifie 
gravity  of  which  is  about  4.  It  requires  a  very  high  temperature  for 
Sision.  It  has  a  sharp  caustic  alkaline  taste,  converts  vegetable  blue 
colours  to  green,  and  neutralizes  the  strongest  acids.  Its  alkalinity, 
therefore,  is  equally  distinct  as  that  of  potassa  or  soda ;  but  it  is  much 
less  caustic  and  less  soluble  in  water  than  those  alkalies.  In  pure 
alcohol  it  is  insoluble.  It  has  an  exeedingly  strong  affinity  for  water. 
When  mixed  with  that  liquid  it  slakes  in  the  same  manner  as  quick- 
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lime,  but  with  the  erolation  of  a  more  intenra  heat,  which,  tccordiog 
to  Dobereiaer,  MmetimeB  amounts  to  luminoqsnesB.  The  result  is  a 
white  bulky  hydrate,  fiisible  at  a  red  heat,  and  which  bears  the  high- 
est temperature  of  a  smith's  forge  without  parting  with  its  water.  It 
is  composed  of  78  parts  or  one  equivalent  of  baryU,  and  9  parts  or  one 
equivalent  of  water.  .  .      ^^  ... 

The  hydrate  of  baryta  dissolves  in  twice  its  weight  of  boilmg  water, 
and  in  twenty  parte  of  water  at  the  temperature  of  eO""  F.  (Davy.)  A 
saturated  solution  of  baryta  in  boiling  water  deposites,  in  coolinr, 
transparent,  flattened  prismatic  crystals,  which  are  composed,  accord- 
ing to  Mr  Dalton,  of  78  parte  or  one  equivalent  of  baryta,  and  180 
parte  or  twenty  equivalents  of  water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  presence 
of  carbonic  acid  in  the  atmosphere  or  in  other  gaseous  mixtures.  The 
carbonic  acid  unites  with  the  baryU,«nd  a  white  insoluble  precipitate, 
carbonate  of  baryta,  subsides. 

The  exact  combining  proportion  of  barium  is  not  known  with 
eerteinty ;  for  while  Dr  Thomson  estimates  its  equivalent  at  70,  Ber- 
zelius  states  it  at  68.66.  I  have  reason  to  believe  neither  of  these 
numbers  precisely  correct ;  but  until  the  subject  shall  be  decided  by 
■  future  research,  I  shall  continue  to  use  the  number  steted  by  Dr 
Thomson,  which  is  generally  employed  in  this  country.  Accordingly, 
baryta  is  regarded  as  a  compound  of  70  parte  or  one  equivalent  of 
barium,  and  8  parts  or  one  equivalent  of  oxygen. 

The  deutoxide  of  barium  may  be  formed  by  conducting  dry  oxygen 
gas  over  pure  baryta  at  a  low  red  heat.  An  easier  process,  recom- 
mended by  M.  Quesneville,  junr,  is  io  introduce  nitrate  of  baryta  into 
a  luted  retort  of  porcelain,  to  which  is  attached  a  Welter's  safety  tube, 
terminating  under  an  inverted  jar  full  of  water.  Heat  is  gradually  ap- 
plied to  the  retort,  and  a  red  heat  continued  as  lon^  as  there  is  any 
disengagement  of  nitric  oxide  or  nitrogen  gas.  When  these  have 
ceased  and  pure  oxygen  passes  over,  which  is  a  proof  of  all  the  nitrate 
being  decomposed,  the  process  is  discontinued.  The  peroxide  of  barium 
is  then  found  in  the  retort.  This  deutoxide,  according  to  Thenard, 
contains  twice  as  much  oxygen  as  baryta ;  or  is  composed  of  one  equiv- 
alent of  barium  and  two  equivalents  of  oxygen.  This  is  the  subsUnce 
employed  by  Thenard  in  the  formation  of  the  deutoxide  of  hydrogen. 

Baiyta  is  distinguished  from  all  other  substances  by  the  following 
charftcters.  1.  By  dissolving  in  water  and  forming  an  alkaline  solu- 
tion. 2.  By  all  ite  soluble  salte  being  precipitated  as  the  white  car- 
bonate of  baryta  by  alkaline  carbonates,  and  as  sulphate  of  baryta,  which 
is  ^soluble  both  in  acid  and  alkaline  solutions,  by  sulphuric  acid  or 
any  soluble  sulphate.  3.  By  forming  with  muriatic  acid  a  salt,  which 
crystallizes  readily  by  evaporation  in  the  form  of  four,  six,  or  eight- 
sided  tables,  is  insoluble  in  alcohol,  and  does  not  undergo  any  change 
on  exposure  to  the  air. 

The  readiest  method  of  formmg  the  salts  of  baryta  is  by  the  action 
of  moderately  dilute  acids  on  the  native  or  artificial  carbonate. 

All  the  soluble  salte  of  baryta  are  poisonous.  The  carbonate  of 
baryta,  from  being  dissolved  by  the  juices  of  the  stomach,  likewise 
acts  as  a  poison.    The  sulphate,  from  its  perfect  insolubility,  is  inert. 

Cfdofide  of  Barium, — ^This  compound  is  generated  when  chlorine 
gas  is  conducted  over  baryta  at  a  red  heat,  and  oxygen  gas  is  disen- 
gaged. It  may  also  be  formed  by  heating  to  redness  the  crjrstallized 
muriate  of  baryta.  It  consiste  of  one  equivalent  of  each  of  its  consti- 
tuents. It  requires  five  times  its  weight  of  water  at  60°  F.  for  solution, 
rad  is  much  more  soluble  in  boiling  water. 
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Buiphuret  o/Bariunu-^Tke  protosnlplniret  of  buinin  maj  be  prt- 
ptred  from  sulphate  of  baryta  by  the  aetlon  of  cbaieoal  or  bydraffon 
gat  at  a  high  temperatuie.  (Page  274.)  It  diaaohres  leadily  iniiot 
water,  fonsTog  the  liydrosulpiraret  of  baryta.  By  meana  of  this  soii»- 
tioD  aU  the  chief  salts  of  baryta  may  be  proeosad.  Thus,  by  adding 
an  alkaline  carbonate,  carbonate  of  barvta  is  precipitated;  and  when 
muriate  acid  is  added,  sulphvrelted  hydrogen  is  evolved,  and  nwnate 
of  baryta  produced.  A  solution  of  pui:e  baryta  may  also  be  obtained 
fiom  the  hydroBulphuret,  by  boiling  it  with  peroxide  of  copper,  until 
tlie  filtered  solution  no  longer  gives  a  darlc  precipitate  with  aoetala  of 
lead.  The  crystallized  hydrate  of  baryta  is  easily  procured  by  means 
of  this  solution. 

The  combinations  of  barium  with  the  other  non-metalUe  aabataaces 
have  not  yet  been  carefully  examined. 


SECTION  v.. 

4 

STROJmUM. 

The  metallic  base  of  strontia,  called  s/ron^tum,  was  discovered  by 
Sir  H.  Davy  by  a  process  analogous  to  that  described  in  the  last  sec- 
tion. All  that  is  known  respecting  its  properties  is,  that  it  is  a  heavy 
metal,  similar  in  appearance  to  barium,  that  it  decomposes  water  witn 
evolution  of  hydrogen  gas,  and  oxidizes  quickly  in  the  air,  being  con- 
verted in  both  cases  into  strontia. 

From  the  close  resemblance  between  baryta  and  strontia,  these  sub- 
stances were  once  supposed  to  be  identical.  Dr  Crawford,  however, 
and  M.  Sulzer  noticed  a  difference  between  them ;  but  the  existence 
of  strontia  was  first  established  with  certainty  in  the  year  1792  by  Dr 
Hope*,  and  the  same  discovery  was  made  about  the  same  time  by 
Klaprothf.  It  was  originally  extracted  from  strontlanite,  the  native 
carbonate  of  strontia,  a  mineral  found  at  Strontian  in  Scotland  ;  and 
hence  the  origin  of  the  term  strontUes  or  strontia,  by  which  the 
earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate  of  strontia, 
in  the  same  manner  as  baryta.  It  resembles  this  earth  in  appearance, 
in  infusibility,  and  in  possessing  distinct  alkaline  properties.  It  slakes 
when  mixed  with  water,  causmg  intense  heat,  and  forming  a  white 
solid  hydrate,  which  consists  of  52  parts  or  one  equivalent  ol  strontia, 
and  9  parts  or  one  equivalent  of  water.  The  hydrate  of  strontia 
fuses  readily  at  a  red  heat,  but  sustains  the  strongest  heat  of  a  wind 
furnace  without  decomposition.  It  is  insoluble  in  alcohol.  Boiling 
water  dissolves  it  freely,  and  a  hot  saturated  solution,  on  cooling,  de- 
posites  transparent  crystals  in  the  form  of  thin  quadrangular  tables. 
These  crystals  are  composed,  according  to  the  analysis  of  Dr  Hope, 
of  52  parts  or  one  equivalent  of  strontia,  and  108  parts  or  twelve 
equivalents  of  water.  They  are  converted  by  heat  into  the  proto-hy- 
drate.  They  require  50  times  their  weight  of  water  at  60°  F.  for  solu- 
tion, and  twice  their  weight  at  212°  F.  (Dalton.) 

*  Edinburgh  Philosophical  Transactions^  iv,.8. 
t  Klaproth's  Contributions^  vol.  L 
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The  lohition  of  atrontia  has  a  caustic  taste  and  alkaline  reaction. 
hike  the  solution  of  baryta,  it  is  a  delicate  test  of  the  presence  of 
•carbonic  acid  in  air  or  other  gaseous  mixtures,  forming  with  it  the 
insoluble  carbonate  of  strontia. 

The  atomic  weight  of  ptrontia,  as  deduced  from  the  analyses  of 
Berzelius,  Stromeyer,  and  Thomson,  is  52 ;  and  consequently  strontia, 
regarded  as  the  protoxide  of  strontium,  is  composed  of 

Strontium  44        or  one  proportional. 

Oxygen  •  8        or  one  proportional. 

The  deutoxide  of  strontium  is  prepared  in  the  same  manner  as  the 
corresponding  preparation  of  barvta.  It  may  likewise  be  formed  by 
pouring  an  aqueous  solution  of  strontia  into  the  deutoxide  of  hy- 
drogen. According  to  Thenard,  it  contains  twice  as  much  oxygen  as 
the  protoxide. 

The  soluble  salts  of  strontia,  like  those  of  baryta,  are  precipitated 
by  alkaline  carbonates,  and  by  sulphuric  acid  or  soluble  sulphates. 
Strontia  is  distinguished  from  baryta  by  forming  with  muriatic  acid  a 
salt,  which  crystallizes  in  the  form  of  slender  hexagonal  prisms,  deli- 
quesces in  a  moist  atmosphere,  and  dissolves  freely  in  pure  alcohol. 
The  alcoholic  solution,  when  set  on  fire,  bums  with  a  blood-red  flame ; 
and  the  salts  of  strontia,  when  exposed  to  the  blowpipe  flame  on 
platinum  wire,  impart  to  it  a  red  tinge.  They  are  also  distinguished 
by  a  difference  in  the  solubility  of  their  sulphates.  On  adding 
Glauber's  salt  in  excess  to  a  soluble  salt  of  baryta,  that  base  is  so 
completely  precipitated,  that  its  presence  cannot  be  afterwards  de- 
tected in  the  solution  by  any  re-agent.  But  when  a  salt  of  strontia  is 
thus  treated,  so  much  sulphate  of  strontia  remains  in  solution,  that  the 
filtered  liquid  yields  a  white  precipitate  with  carbonate  of  potassa  or« 
soda. 

The  salts  of  strontia  are  most  conveniently  prepared  from  the  car- 
bonate.   These  compounds  are  not  poisonous. 

The  chloride  of  strontium  is  formed  under  precisely  the  same  cir- 
cumstances as  the  chloride  of  barium,  and  its  composition  is  analogous. 
It  is  exceedingly  solubl^  boinng  water,  and  requires  twice  its  weight 
of  water  at  60^  F.  for. solution.  As  already  mentioned,  it  is  soluble  in 
alcohol. 

The  solphuret  of  strontium  may  be  prepared  by  the  processes 
referred  to  in  the  last  section.  It  may  be  advantageouriy  employed 
for  forming  the  solution  and  salts  of  strontia,  in  the  same  manner  as 
those  of  baryta  are  prepared  from  the  sulphuret  of  barium.  It  consists 
of  44  parts  or  one  equivalent  of  strontium,  and  16  parts  or  one  equiva. 
lent  of  sulphur. 


SECTION  VI. 

CALCIUM. 

The  existence  of  calcium,  the  metallic  base  of  lime,  was  demon- 
strated by  Sir  H.  Davy  by  a  process  similar  to  that  descril>ed  in  the 
section  on  barium.  It  is  of  a  whiter  colour  than  barium  or  strontium, 
and  is  converted  into  lime  by  being  oxidized.  Its  other  properties  are 
unknown. 

When  carbonate  of  lime  is  exposed  to  a  white  or  even  to  a  veiy  strong 
Z  2 
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red  heftt,  earboDie  add  it  expelled*  and  pure  lime,  commotily  called 
quiekUmet  remains.  If  lime  of  great  purity  is  required,  it  ehoutd  be 
prepared  from  pure  carbouate  of  lime,  such  as  Iceland-spar,  or  Carrara 
marble ;  but  in  burning  lime  in  lime-kilns  for  malcing  mortar,  common 
lime-stone  is  employed.  The  expulsion  of  carbonic  acid  is  facilitated 
by  mizing  the  carbonate  with  combustible  substances,  in  which  case 
carbonic  oxide  is  generated.  (Page  176.) 

Lime  is  a  brittle,  white,  earthy  solid,  the  specific  gravity  of  which 
is  about  2.S.  It  phosphoresces  powerfully  when  heated  to  nill  redness, 
a  property  which  it  possesses  in  common  with  strontia  and  baryta. 
It  is  one  of  the  most  infusible  bodies  known ;  fusing  with  difficulty, 
eyen  by  the  heat  of  th^oxy-hydro^en  blowpipe.  It  has  a  powerful 
affinity  for  water,  and  the  combination  is  attended  with  great  increase 
of  temperature,  and  formation  of  a  white  bulky  hydrate,  which  is 
composed  of  28  parts  or  one  equivalent  of  lime,  and  9  parts  or  one 
equivalent  of  water.  The  process  of  slaking  lime  consists  in  forming 
this  hydrate,  and  the  hydrate  itself  is  called  slaked  lime.  It  differs 
from  the  hydrates  of  strontia  and  baryta  in  parting  with  its  water  at  a 
red  heat. 

The  hydrate  of  lime  is  dissolved  very  sparingly  by  water«  and  it  is 
a  singular  fact,  first  noticed,  I  believe,  by  Mr  Dalton,  that  it  is  more 
soluble  in  cold  than  in  hot  water.  Thus  he  found  that  one  grain  of 
lime  requires  for  solution 

778  grains  of  water  .  at  60°  F. 

972  .  .  .  180® 

1270  .  212° 

And,  consequently,  on  heating  a  solution  of  lime,  or  Ume'tDater, 
'  which  has  been  prepared  in  the  cold,  deposition  of  lime  ensues.  This 
fact  was  determined  experimentally  by  Mr  Phillips,  who  has  likewise 
observed  that  water  at  32°  F.  is  capable'  of  dissolving  twice  as  much 
lime  as  at  212°  F. 

"  Owing  to  this  circumstance  pure  lime  cannot  be  made  to  crystallize 
in  the  same  manner  as  baryta  or  strontia.  6ay-Lussac  succeeded, 
however,  in  obtaining  crystals  of  lime  by  evaporating  lime-water, 
under  the  exhausted  receiver  of  an  air-pump,  by  means  of  sulphuric 
acid,  as  in  Mr  Leslie's  process  for  freezing  water.  (Page  60.)  Small 
transparent  crystals,  in  the  form  of  regular  hexahedrons,  are  deposited, 
which  consist  of  water  and  lime  in  tl^  same  proportion  as  in  the  hy- 
drate above  mentioned. 

Lime-water  is  prepared  by  mizing  hydrate  of  lime  with  water, 
agitating  the  mixture  repeatedly*  and  then  setting  it  aside  in  a  well- 
stopped  bottle  until  the  undissolved  parts  shall  have  subsided.  The 
substance  called  milk  or  cream  of  lime  is  made  by  mixing  hydrate  of 
lime  with  a  sufficient  quantity  of  water  to  give  it  the  liquid  form ;— it 
is  merely  lime-water  in  which  hydrate  of  lime  is  mechanically  sus- 
pended. 

Lime-water  has  a  harsh  acrid  taste,  and  converts  vegetable  blue 
colours  to  green.  It  agrees,  therefore,  with  baryta  and  strontia  in 
possessing  distinct  alkaline  properties.  Like  the  solution  of  these 
eairths,  it  nasa  strong  affinity  for  carbonic  acid,  and  forms  with  it  an 
insoluble  carbonate.  On  this  account,  lime-water  should  be  carefully 
protected,  from  the  air.  For  the  same  reason,  lime-water  Is  rendered 
tur^i'd  by  a  solution  of  carbonic  acid ;  but  on  adding  a  large  quantity 
of  the  acid,  the  transparency  of  the  solution  Is  completely  restored, 
because  carbonate  of  lime  is  soluble  in  an  excess  of  carbonic  acid. 
The  action  of  this  acid  on  the  solutions  of  baryta  and  strontia  is  pre- 
cisely similar. 
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The  atoioic  weight  of  lime,  as  dedaced  from  the  ekperhaeitta  of  Dr 
Thomson,  is  28 ;  and  therefore  lime,  regarded  as  the  protoxide  of 
calcium,  \s  composed  of  20  parts  or  one  equifalent  of  caidmn,  aftd  8 
parts  or  one  equivalent  of  oxygen. 

The  deutoxide  of  calcium  may  be  formed  in  the  same  way  as  the 
deutoxide  of  strontium.  According  to  Thenard,  it  coQsbtB  of  one 
equivalent  of  calcium  and  two  equivalents  of  oxygen. 

The  salts  of  lime,  which  are  easily  prepared  by  the  action  of  acids 
on  pure  marble^  are  in  many  respects  similarly  aflfected  by  reagents, 
as  those  of  baryta  and  strontia.  They  are  precipitated,  for  example, 
by  alkaline  carbonates.  Sulphuric  acid  and  soluble  sulphates  likewise 
precipitate  lime  from  a  moderatoly  strong  solution.  But  sulphate  of 
lime  has  a  considerable  degree  of  solubility.  Thus,  a  dilute  solution  of 
a  salt  of  lime  is  not  precipitated  at  all  by  sulphuric  acid;  and  when 
the  sulphate  of  lime  is  separated,  it  may  be  redissolved  by  the  addition 
of  nitric  acid. 

The  most  delicate  test  Of  the  presence  of  lime  is  oxalate  of  ammonia 
or  of  potassa;  for  of  all  the  salts  of  lime,  the  oxalate  is  the  most  in- 
soluble in  water.  This  serves  to  distioeuish  lime  from  most  substances, 
though  not  from  baryta  and  strontia ;  because  the  oxalates  of  baryta 
and  strontia,  especially  the  latter,  are  likewise  sparingly  soluble.  All 
these  oxalates  dissolve  readily  in' water  acidulated  with  nitric  or 
muriatic  acid. 

The  best  characters  for  distinguishing  lime  from  baryta  and  strontia 
are  the  following : — Nitrate  of  lime  yields  prismatic  crystals  by  Evapora- 
tion, is  deliquescent  in  a  high  degree,  and  very  soluble  in  alcohol. 
The  nitrates  of  baryta  and  strontia  crystallize  In  regular  octahedrons 
or  segments  of  an  octahedron,  undergo  no  change  on  exposure  to  the 
air,  except  when  very  moist,  and  do  not  dissolve  in  pure  alcohol. 

The  salts  of  lime,  when  heated  before  the  blowpipe,  or  when  their 
solutions  in  alcohol  are  set  on  fire,  communicate  to  the  flame  a  duH 
brownish-red  colour. 

Chloride  of  CafetUfn.-*-The  chloride  of  calcium  is  formed  in  the 
same  manner  as  chloride  of  strontium.  In  decomposing  muriate  of 
lime  by  heat,  a  little  muriatic  acid  is  sometimes  expelled  as  well  as 
water.  Chloride  of  calcium  is  soluble  in  alcohol,  and  deliquesces 
rapidly  on  exposure  to  the  atmosphere.  On  account  of  its  strong 
affinity  for  water,  it  is  much  employed  to  deprive  gases  and  other 
substances  of^their  moisture.  For  a  like  reason,  it  may  be  used  for 
forming  frigorific  mixtures  with  snow ;  but  for  this  purpose  the  crys- 
tallized muriate  of  lime,  which  contains  six  equivalents  of  water  of 
crystallization,  is  far  preferable.  ^ 

Chloride  of  calcium  contains  one  proportional  of  eadi  of  its  ele- 
ments. 

Chloride  oflAme, — ^This  compound,  commonly  called  oxynmriate 
of  lime,  or  bleaching  powder,  is  prepared  by  exposing  thin  strata  of 
recentiy  slaked  lime  in  fine  powder  to  an  atmosphere  of  chlorine. 
The  gas  is  absorbed  in  large  quantity,  and  combines  direetiy  with  the 
lime. 

.Chloride  of  Jime  is  a  dry  white  powder,  which  smetis  fiiintly  of 
chlorine,  and  has  a  strong  taste.  It  dissolves  partially  in  water,  and 
the  solution  possesses  powerful  bleaching  properties,  and  contains 
both  chlorine  and  lime ;  while  the  undissolved  portion  fs  hydrate  of 
lime,  retaining  a  small  quantity  of  chlorine.  The  aqueous  solution, 
,  when  exposed  to  the  atmosphere,  is  gradually  decomposed;— chlorine 
i  s  set  free,  and  carbonate  of  lime  generated.  On  boiling  the  liquid, 
muriatic,  and  I  presume  chloric,  acid  are  formed ;  and  by  long  keep- 
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ing,  the  dry  cbloride  appears  to  undergo  a  similar  change,  at  leatt 
mttriatic  acid  is  produced  in  large  quantity.  The  chloride  of  lime 
is  also  decomposed  by  a  strong  heat.  At  first,  chlorine  is  evolved  ; 
but  pure  oxygen  is  afterwards  disengaged,  and  chloride  of  calcium 
lemains  in  the  retort. 

The  composition  of  chloride  of  lime  was  first  carefully  Investigated 
by  Mr  Dalton,*  and  it  has  since  been  analyzed  by  Dr  Thomson,! 
M.  Welter,}  and  Dr  Ure.§  The  three  first  mentioned  chemists  infer 
from  their  researches  that  the  bleaching  powder  is  a  hydrated  sub' 
chloride  or  duchloride  of  lime,  in  which  86  parts  or  one  equivalent 
of  chlorine  are  united  with  66  parts  or  two  equivalents  of  lime.  They 
are  also  of  opinion  that,  on  mixing  the  sub-chloride  with  water,  a  real 
chloride  is  dissolved,  and  one  equivalent  of  lime  separated  as  an 
insoluble  powder.  Dr  Ure,  on  the  contrary,  denies  that  the  bleaching 
powder  is  a  sub-chloride ;  and  maintains,  according  to  the  result  of 
his  own  analysis,  that  the  elements  of  this  compound  do  not  constitute 
a  regular  atomic  combination.  He  found  that  the  quantity  of  chlorine 
absorbed  by  hydrate  of  lime  is  variable,  depending  not  only  on  the 
pressure  and  degree  of  exposure,  but  on  the  quantity  of  water  which 
is  present.  The  following  is  the  result  of  his  analysis  of  three  speci- 
mens.  No.  1  being  good  commercial  bleaching  powder.  No.  2  made 
by  himself  with  pure  proto-hydrate  of  lime,  and  No.  8  prepared  by 
hiiDself  with  lime  containing  more  water  than  in  No.  2. 

Ne.l.  No.2.  No.8. 

Chlorine        23  .  40.82  .  39.5 

Lime  46  .  45.40  89.9 

Water  81  14.28  20.6 


100  100  100 

The  experiments  of  Dr  Ure  appear  to  have  been  made  with  great 
care,  and  his  results  to  be  entitled  to  equal  if  not  greater  confidence 
than  those  of  the  other  chemists.  Upon  the  whole  it  is  probable,  that 
common  commercial  bleaching  powder  consists  of  chloride  of  lime,  a 
compound  of  86  parts  or  one  equivalent  of  chlorine,  and  28  parts  or 
one  equivalent  of  lime ;  and  that  this,  the  essential  ingredient,  is 
mixed  with  variable  quantities  of  hydrate  of  lime. 

Several  methods  have  been  proposed  for  estimating  the  value  of 
difierent  specimens  of  the  chloride  of  lime.  Perhaps  the  most  con- 
venient for  the  artist  is  that  of  Welter,  which  consists  in  ascertaining 
the  power  of  the  bleaching  liquid  to  deprive  a  solution  of  indigo  of 
known  strength  of  its  colour;  and  directions  have  been  drawn  up  by 
Gay-Lussac  for  enabling  manufacturers  to  employ  this  method  with 
accuracy.  (Annals  of  Philosophy,  xxiv.  21S.)  For  analytical  pur- 
poses, the  best  method  is  to  decompose  chloride  of  lime,  confined  in 
a  glass  tube  over  mercury,  by  means  of  muriatic  acid.  Muriate  of 
lime  is  generated,  and  the  chlorine  being  set  free,  its  quantity  may 
easily  be  measured. 

The  protostUphuret  ofeaUium  is  procured  by  processes  similar  to 
Chose  for  forming  the  sulphuret  of  barium. 

The  phosphorescent  substance  called  Canton*»  phosphonu^  which 
is  made  by  exposing  a  mixture  of  calcined  oyster-shells  and  sulphur 
to  a  red  heat,  is  supposed  to  be  a  sulphuret  of  lime ;  but  its  real  com- 
positioD  has  not  been  determined. 

•  Annals  of  Phil.  i.  15.  and  ii.  6.  f  Ibid.  zv.  401. 

X  Ao.  de  Ch.  et  de  Ph.  vol.  viM.  §  Quarterly  Jottni.»  xui.  1. 
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Phespkaret  cfLtme,—1\aM  compoimd  is  formed  by  fwsiiiig  te 
Tapour  of  phosphonis  over  fragments  of  qaicklime  at  a  red  beat.  Tbe 
true  nature  of  tbe  product  is  not  Itnown  witb  certaintf  .  It  is  either  a 
phospburet  of  Hme,  or  a  mixture  of  phosphate  of  time  and  phespfaorat 
of  calcium.  When  it  is  put  into  water,  mutual  decomposition  ewraas, 
and  pbosphuretted  hydrogen,  hypophosphorous  acid,  and  phosphoric 
acid  are  generated.    (Page  247.) 


SECTION  VII. 

MJlGJ>rESlUM. 

Tb^  galvanic  researches  of  Sir  H.  Davy  have  demonstrated  the 
existence  of  magnesium,  though  he  obtained  it  in  a  quantity  too 
minute  for  determining  its  properties.  He  ascertained,  however,  that 
it  decomposes  water,  and  is  converted  by  uniting  with  oxygen  into 
magnesia. 

Magnesia,  the  only  known  oxide  ol  magnesium,  is  obtained  by 
exposing  carbonate  of  magnesia  to  a  very  strong  red  heat,  by  which*, 
its  carbonic  acid  is  expelled.  It  is  a  white  mable  powder,  of  an 
earthy  appearance ;  and  when  pure,  it  has  neither  taste  nor  odour. 
Its  specific  gravity  is  about  2.3.  It  is  exceedingly  infusible.  It  has 
a  weaker  affinity  than  lime  for  water ;  for  though  it  forms  a  hydrate 
when  moistened,  the  combination  is  effected  with  hardly  any  disen- 
eagement  of  caloric,  and  the  product  is  readily  decomposed  by  a  red 
heat.  There  probably  exists  several  different  compounds  of  water 
and  magnesia,  but  the  native  hydrate  is  the  only  one  known  with 
certainty.  According  to  the  analysis  of  Stiomeyer,  this  hydrate  con- 
tains one  equivalent  of  each  of  its  constituents;  and  the  reiults  df  the 
analysis  of  Berzelius  and  Dr  Fyfe  accord  very  neariy  with  this  pro« 
portion. 

Magnesia  dissolves  very  sparingly  in  water.  According  to  Dr  Fyfe, 
it  requires  5142  times  its  weight  ofwater  at  60%  and  96,000  of  boiling 
water  for  solution.  The  resulting  liquid  does  not  change  the  coioar 
of  violets ;  but  when  pure  magnesia  is  put  upon  moistened  turaeric 
paper,  it  causes  a  brown  stain .  From  this  there  is  no  doubt  that  the 
Inaction  of  magnesia  with  respect  to  vegetable  colours,  when  tried  in 
the  ordinary  mode,  is  owing  to  its  insolubility.  It  possesses  the  stiil 
more  essential  character  of  alkalinity,  that,  namely,  of  forming  neutral 
salts  with  acids  in  an  eminent  degree.  It  absorbs  both  water  and 
carbonic  acid  when  exposed  to  the  atmosphere,  and  therefore  should 
be  kept  in  well-closed  phials. 

The  atomic  weight  of  magnesia,  as  determined  by  Dr  Thomson,  is 
20.  Consequently  this  alkaline  base,  regarded  as  the  protojdde  of 
magnesium,  is  composed  of 

Magnesium        .        12»       or  one  proportional. 
Oxygen  .  8        or  one  proportional. 

Magnesia  is  characterized  by  the  following  properties.  With  nitric 
and  muriatic  acids,  it  forms  salts  which  are  soluble  in  alcohol,  and 
exceedingly  deliquescent.  The  sulphate  of  magnesia  is  very  soluble 
in  water,  a  circumstance  by  which  it  is  distinguished  from  the  other 
alkaline  earths.  Magnesia  is  precipitated  from  its  salu  as  a  bulky 
hydrate  by  the  pure  alkalies.    It  is  precipitated  as  carbonate  of  mag^ 
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netta,  by  the  carbonatee  of  potaraa  and  soda ;  but  the  bicarboilates,  and 
the  eommon  carbonate  of  ammonia,  do  not  precipitate  it  in  the  cold. 
If  moderately  diluted,  the  salts  of  magnesia  are  not  precipitated  by 
oxalate  of  ammonia.  By  means  of  this  reagent  magnesia  may  lie  l>oth 
distiagaisbed  and  separated  from  lime. 

The  compounds  of  magnesium  with  the  other  simple  substances 
have  little  interest.  The  chloride  is  formed  by  decomposing  muriate  of 
magnesia  by  heat ;  but  It  is  apt  to  lose  a  portion  of  muriatic  acid  dur- 
ing the  process.  It  is  very  deliquescent,  and  is  soluble  in  alcohol. 
It  is  composed  of  36  parts  or  one  equivalent  of  cUoiine,  and  12 
parts  or  one  equivalent  of  magnesium. 


CLASS  I. 

ORDER  III. 
metjslllic  bases  of  the  earths. 


SECTION  VLII. 

ALUMWHTM. 

That  alumina  is  an  oxidized  body  was  proved  by  Sir  H.  Davy, 
who  found  that  potassa  is  generated,  when  the  vapour  of  potassium  is 
brought  into  contact  with  pure  alumina  heated  to  whiteness;  and  it 
was  inferred,  chiefly  by  analogical  reasoning,  to  be  a  metallic  oxide. 
The  propriety  of  this  inference  has  been  demonstrated  by  M.  Wohler, 
who  has  lately  procured  alummiwn,  the  metallic  base  of  alumina,  in 
a  pure  state.  (Edinburgh  Joumalof  Science,  No  xvii.  178.) 

The  preparation  of  this  metal  depends  on  the  property  which  potas- 
sium possesses,  of  decomposing  the  chloride  of  aluminium.  Decom- 
position is  effected  by  aid  of  a  moderate  increase  of  temperature ;  but 
the  action  is  so  violent,  and  accompanied  with  such  intense  disengage- 
ment of  heat  and  light,  that  the  process  cannot  be  safely  conducted 
in  glass  vessels.  Dr  Wohler  succeeded  in  effecting  the  decomposition 
in  a  platinum  crucible,  retaining  the  cover  in  its  place  by  a  piece  of 
wire.  The  heat  developed  during  the  action  was  so  great,  that  the 
crucible,  though  but  gently  heated  externally,  suddenly  became  red- 
hot.  The  platinum  is  scarcely  attacked  during  the  process;  but  to 
prevent  the  possibility  of  error  from  this  source,  the  decomposition 
was  effected  in  a  crucible  of  porcelain.  The  potassium  employed  for 
the  purpose  should  be  quite  free  from  carbon,  and  the  quantity  operat- 
ed on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat  was  ap- 
plied by  means  of  a  spirit  lamp,  and  continued  until  the  action  was 
completed.  The  proportion  of  the  materials  requires  to  be  carefully 
adjusted ;  for  the  potassium  should  be  in  such  quantity  as  to  prevent  any 
chloride  of  aluminium  from  subliming  during  the  process,  bat  not  so 
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much  as  to  yield  an  alkaline  solution  when  the  product  is  put  kkie 
water.  Hie  matter  contained  in  the  crucible  at  the  close  of  the  opera* 
tion  is  in  general  completely  fused,  and  of  a  dark  gray  colour.  When 
piUe  cold,  the  crucible  is  put  into  a  large  glass  full  of  water,  in  which 
the  saline  matter  is  dissolved,  with  slight  disengagement  of  hydrosen 
of  an  offensive  odour ;  and  a  ^ay  powder  separates,  which  on  ctose 
inspection,  especially  in  sunshine,  is  found  to  consist  solely  of  minute 
scales  of  metal.  After  being  well  washed  with  cold  water,  it  is  pure 
aluminium.  The  solution  is  neutral,  and  contains  a  quantity  of 
alumina,  owing  to  a  combination  being  formed  between  chloride  of 
aluminium  and  chloride  of  potassium  during  the  action. 

Aluminium,  as  thus  formed,  is  a  gray  powder,  very  similar  to  that  of 
platinum.  It  is  generally  in  small  scales  or  spangles  of  a  metallic 
lustre ;  and  sometimes  small,  slightly  coherent,  spongy  masses  are  ob- 
served, which  in  some  places  have  the  lustre  and  white  colour  of  tin. 
The  same  appearance  is  rendered  perfectly  distinct  by  pressure  on 
steel,  or  in  an  agate  mortar ;  so  that  the  lustre  of  aluminium  is  decidedly 
metallic.  In  its  fused  state  it  is  a  conductor  of  electricity,  though  it 
does  not  possess  this  property  when  in  the  form  of  powder.  This  re- 
mark, of  a  metal  conducting  the  electric  fluid  in  one  state  and  not  in 
another,  is  very  instructive ;  and  Dr  Wohler  observed  an  instance  of 
the  same  kind  in  iron,  which  in  the  state  of  fine  powder  is  a  non- con- 
doctor  of  electricity. 

Aluminium  requires  for  fusion  a  temperature  higher  than  that  at 
which  cast  iron  is  liquefied.  When  heated  to  fedness  in  the  open  air, 
itiakes  fire  and  burns  with  vivid  light,  yielding  aluminous  earth  of  a 
white  colour,  and  of  considerable  hardness.  Sprinkled  in  powder  in 
the  flame  of  a  candle,  brilliant  sparks  are  emitted,  like  those  given  off 
during  the  combustion  of  iron  in  oxygen  gas.  When  heated  to  red- 
ness in  a  vessel  of  pure  oxygen  gas,  it  burns  with  an  exceedingly 
vivid  light,  and  emission  of  intense  heat.  The  resulting  alumina  is 
partially  vitrified,  of  a  yellowish  colour,  and  equal  in  hardness  to  the 
native  crystallized  aluminous  earth,  the  corundum.  Heated  to  near 
redness  in  an  atmosphere  of  chlorine,  it  takes  fire,  and  chloride  of 
aluminium  is  sublimed. 

Aluminium  is  not  oxidized  by  water  at  common  temperatures,  nor 
is  its  lustre  tarnished  by  lying  in  water  during  its  evaporation.  On 
heating  the  water  to  near  its  boiling  point,  oxidation  of  the  metal 
commences,  with  feeble  disengagement  of  hydrogen  gas,  the  evolu- 
tion of  which  continues  even  long  after  cooling,  but  at  length  wholly 
ceases.  The  oxidation,  however,  is  very  slight ;  and  even  after  con- 
tinued ebullition,  the  smallest  particles  of  aluminium  appear  to  have 
suffered  scarcely  any  change. 

Aluminium  is  not  attacked  by  concentrated  sulphuric  or  nitric  acid 
at  common  temperatures.  In  the  former,  with  the  aid  of  heat,  it  is 
rapidly  dissolved  with  disengagement  of  sulphurous  acid  gas.  In 
dilute  muriatic  and  sulphuric  acid,  it  is  dissolved  with  evolution  of 
hydrogen  gas.  It  is  easily  and  completely  dissolved  even  by  a  dilute 
solution  of  potassa,  hydrogen  gas  being  evolved  at  the  same  time. 
Ammonia  produces  a  similar  effect,  and  renders  soluble  a  large  quan- 
tity of  aluminium.  The  hydrogen  gas  which  makes  its  appearance  is 
of  course  derived  from  water,  the  oxygen  of  which  combines  wiUi 
aluminium. 

Alumina  is  one  of  the  most  abundant  productions  of  nature.  It  is 
found  in  every  region  of  the  globe,  and  in  rocks  of  all  ages,  being  a  con^ 
stituent  of  the  oldest  primary  mountains,  of  the  secondary  strata,  and 
of  the  most  recent  alluvial  depositions.    The.different  kinds  of  clay  of 
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wbkh  bricks,  pipes,  and  etrthenware  are  made,  cimsists  of  hydrate  of 
alumioa  in  a  greater  or  less  deji^ree  of  purity.  ;  Though  this  eardi 
oommonJy  appears  in  rude  amorphous  masses,  it  is  sometimes  found 
beautifully  ciystalllzed.  The  ruby  and  the  sapphire,  two  of  the  most 
beautiful  eems  with  which  we  are  acquainted,  are  composed  almost 
solely  of  alumina. 

Pure  alumina  is  prepared  from  alum,  the  sulphate  of  alumina  and 
polassa.  The  salt,  as  purchased  in  the  shops,  Is  frequently  contami* 
nated  with  oxide  of  iron,  and  consequently  unfit  for  many  cbemicel 
purposes ;  but  it  may  be  separated  from  this  impurity  by  repeated 
crystallization.  The  absence  of  iron  is  proved  by  the  alum  being 
soluble  without  residue  in  a  solution  of  pure  potassa ;  whereas  when 
oxide  of  Iron  is  present,  it  is  either  left  undissolved  in  the  first  instance, 
or  deposited  after  a  few  hours  in  yellowish-brown  flocks.  Any  quan* 
tity  of  purified  alum  is  dissolved  in  four  or  five  times  its  weight  <rt 
boiling  water,  a  slight  excess  of  carbonate  of  potassa  added,  and  after 
digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina  is  collected 
on  a  filter,  and  weir  washed  with  hot  water.  It  is  necessary  in  this 
operation  to  digest,  and  employ  an  excess  of  alkali ;  since  otherwise 
the  precipitate  would  retain  some  sulphuric  acid  in  the  form  of  a  sub* 
sulphate.  But  the  alumina,  as  thus  prepared,  is  not  yet  quite  pure; 
for  it  retains  some  of  the  alkali  with  such  force,  that  it  cannot  be 
separated  by  the  action  of  water.  For  this  reason  the -precipitate 
most  be  re-dissolved  in  dilute  muriatic  acid,  and  thrown  down  by 
means  of  pure  ammonia  or  its  carbonate.  This  precipitate,  after  being 
well  washed  and  exposed  to  a  white  heat,  yields  pure  anhydrous 
alumina.  Ammonia  cannot  be  employed  for  precipitating  aluminous 
earth  directly  from  alum,  because  die  sulphate  of  alumina  is  not 
completely  decomposed  by  this  alkali.  (Berzelius.)  An  easier  pro- 
cess, proposed  by  Gay-Lussac,  is  to  expose  the  sulphate  of  alumina 
and  ammonia  to  a  strong  heat,  so  as  to  expel  the  ammonia  and  sul- 
phuric acid. 

Alumini^has  neither  taste  nor  smell,  and  is  quite  insoluble  in  water. 
It  is  very  infusible,  though  less  so  than  lime  or  magnesia.  It  has  a 
powerful  affinity  for  water,  attracting  moisture  from  the  atmosphere 
with  avidity;  and  for  a  like  reason,  it  adheres  tenaciously  to  the 
tongue  when  applied  to  it.  Mixed  with  a  due  proportion  of  water,  it 
yields  a  soft  cohesive  mass,  susceptible  of  being  moulded  into  regular 
forms,  a  property  upon  which  depends  its  employment  in  the  art  of 
pottery.  When  once  moistened,  it  cannot  be  rendered  anhydrous, 
except  by  exposure  to  a  full  white  heat ;  and  in  proportion  as  it  parts 
with  water,  its  volume  diminishes.  (Page  41.) 

Alumina  most  probably  forms  several  different  hydi^ates  with  water. 
Dr  Thomson  has  described  two  different  compounds  of  this  kind  ^ 
One  is  the  bihydrate,  composed  of  one  equivalent  of  alumina  to  two 
of  water ;  and  it  is  procured  by  exposing,  for  the  space  of  two  months^ 
alumina,  precipitated  by  means  of  an  alkali,  to  a  dry  air,  the  tempera- 
ture of  which  does  not  exceed  60°  F.  The  other  compound  is  a 
protohydrate,  obtained  by  drying  the  bihydrate  at  a  temperature  of 
100°  F.  by  which  means  half  of  its  water  is  expelled. 

Alumina,  owing  to  its  insolubility,  does  not  affect  the  blue  colourof 
plants.  It  appears  to  possess  the  properties  both  of  an  acid  and  of  an 
alkali ;— of  an  acid,  by  uniting  with  alkaline  bases,  such  as  potassa* 
lime,  and  baryta ; — of  an  alkali,  by  forming  salts  with  acids.  In 
neithei  case,  however,  are  its  soluble  compounds  neutral  with  respect 
to  test  paper. 
Chemistf  aie  not  agreed  as  to  the  com)>ioiiig  pxoportioB  of  alomiiUL; 
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but  Dr  Thomson,  after  comparing  the  results  of  a  considerable  number 
of  analyses,  has  fixed  upon  18  as  its  equivalent.  The  composition  of 
alumina  is  stiil  more  uncertain,  for  as  yet  no  direct  experiment  has 
been  made  on  the  subject.  Dr  Thomson  -considers  it  a  compound  of 
one  proportional  of  aluminium  and  one  of  oxygen,  and  on  this  sup- 
position, 10  is  the  equivalent  of  the  former ;  but  Berzelius  believes 
its  constitution  to  be  analogous  to  that  of  the  peroxide  of  iron,  and  a 
strong  argument  may  be  adduced  in  favour  of  this  view. 

Alumina  is  easily  recognised  by  the  following  characters.    1.  It  is 
separated  from  acids,  as  a  hydrate,  by  all  the  alkaline  carbonates,  and 
by  pure  ammonia.    2.  It  is  precipitated  by  pure  potash  or  soda,  but 
.  the  precipitate  is  completely  re-dissolved  by  an  excess  of  the  alkali. 

Ctdortde  of  Jlluminium. — This  compound  was  discovered  some 
years  ago  by  Professor  Oersted,  by  transmitting  dry  chlorine  gas  over 
a  mixture  of  alumina  and  charcoal  heated  to  redness.  By  acting  on 
this  substance  with  an  amalgam  of  potassium  and  expelling  the  mer- 
cury by  heat,  he  obtained  metallic  matter,  which  he  believed  to  be 
aluminium ;  but  not  having  leisure  to  pursue  the  inquiry  himself,  he 
requested  Dr  Wphler  to  investigate  the  subject.  Dr  Wbhier  did  not 
arrive  at  any  satisfactory  conclusion  by  tiie  method  suggested  by 
Oersted  ;  but  met  with  complete  success  by  means  of  pur^  potassium, 
as  already  described. 

To  procure  the  chloride  of  aluminium,  Dr  Wohler  precipitated 
aluminous  earth  from  a  hot  solution  of  alum  by  means  of  potassa,  and 
mixed  the  hydrate,  when  dry,  with  pulverized  charcoal ^^ugar,  and  oil, 
0O  as  to  form  a  thick  paste,  which  was  heated  in  a  covered  crucible, 
until  all  the  organic  matter  was  destroyed.  By  this  means  the  alumina 
was  brought  into  a  state  of  intimate  mixture  with  finely  divided 
charcoal,  and  while  yet  hot,  was  introduced  into  a  tube  of  porcelain, 
fixed  in  a  convenient  furnace.  After  expelling  atmospheric  air  from 
the  interior  of  the  apparatus  by  a  current  of  dry  chlorine  gas,  the  tube 
was  brought  to  a  red  heat.  The  formation  of  chloride  of  aluminium 
then  commenced,  and  continued,  with  disengagement  of  carbonic 
oxide  gas,  during  an  hour  and  a  half,  when  the  tube  became  imper- 
vious from  sublimed  chloride  of  aluminium  collected  within  it.  The 
process  was  then  necessarily  discontinued. 

As  thus  formed,  chloride  of  aluminium  is  of  a  pale  greenish-yellow 
colour,  partially  translucent,  and  of  a  highly  crystalline  lamellated 
texture,  somewhat  like  talc,  but  without  regular  crystals.  On  ex- 
posure to  the  air  it  fumes  slightly,  emits  an  odour  of  muriatic  acid  gas, 
and,  deliquescing,  yields  a  clear  liquid.  •  When  thrown  into  water, 
it  is  speedily  dissolved  with  a  hissing  noise ;  and  so  much  heat  is 
evolved  that  the  water,  if  in  small  quantity,  is  brought  into  a  state  of. 
brisk  ebullition.  The  solution  is  the  common  muriate  of  alumina, 
formed  by  decomposition  of  water.  According  to  Oersted,  it  is  vola- 
tile at  a  temperature  a  little  higher  than  212'',  and  its  p«int  effusion 
is  nearly  at  the  same  degree. 

Stdphuret  of  .^^tfmmium.— -Sulphur  may  be  distilled  from  alami- 
Bium  without  combining  with  it ;  but  if  a  piece  of  sulphur  is  dropped 
on  aluminium  when  strongly  incandescent,  so  that  it  may  be  enveloped 
in  an  atmosphere  of  the  vapour  of  sulphur,  the  union  is  effected  with 
vivid  emission  of  light.  The  resulting  sulphuret  is  a  partially  vitrified, 
aemi-metallic  mass,  which  acquires  an  iron-black  metallic  lustre 
when  burnished.  On  exposure  to  the  air,  it  emits  a  strong  odour 
of  sulphuretted  hydrogen,  swells  up  gradually,  and  falla  into  a  gray 
powder,  sulphuretted  hydrogen  gas  and  alumina  being  obviously 
generated  at  the  expense  of  the  watery  vapour  floating  in  the  atmoa- 
Aa  \ 
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pbere.  Applied  to  the  tongue,  it  excites  a  pricking  warm  taate  of 
■ulphuretted  hydrogen.  Wlwn  thrown  into  pure  water,  sulphuretted 
hydrogen  gas  is  rapidly  disengaged,  and  giay  alumina  deposited. 

Dr  Wohler  finds  that  sulphuret  of  aluminium  cannot  be  generated 
by  the  action  of  hydrogen  gas  on  sulphate  of  alumina  at  a  red  heat ; 
'  for  in  that  case  all  the  acid  is  ezpelled^  without  the  aluminous  earth 
being  reduced. 

Phoaphuret  of  AUiminium, — ^When  aluminium  is  heated  to  redness 
in  contact  with  the  vapour  of  phosphorus,  it  takes  fire,  and  emits  a 
brilliant  light.  The  product  is  described  by  Dr  Wohler  as  a  blackish* 
|;ray  pulverulent  mass,  which  by  fiiction  acquires  a  dark  gray  metallic 
lustre,  and  in  the  air  smells  instantly  of  phosphuretted  hydrogen.  By 
the  action  of  water,  alumina  and  phosphuretted  hydrogen  gas  are 
generated,  but  the  latter  is  not  spontaneously  explosive.  The  offer- 
yescence  is  less  rapid  than  with  the  sulphuret,  but  is  increased  by 
heat. 

Seleniuret  of  Aluminium* — ^This  compound  is  formed,  with  dis- 
engagement of  heat  and  light,  by  heatine  to  redness  a  mixture  of 
selenium  and  aluminium.  The  product  is  black,  pulverulent,  and 
assumes  a  dark  metallic  lustre  when  rubbed.  In  the  air,  it  emits  a 
strong  odour  of  seleniuretted  hydrbgen ;  and  this  gas  is  rapidly  dis- 
engaged by  the  action  of  water,  which  is  speedily  reddened  by  the 
separation  of  i  ' 


SECTION  IX. 

OLUCVSriUM,  YTTRIUM,  ZIRCOJ^IUM. 

Glucinium. 

GluHna,  which  was  discovered  by  Yauquelin  in  the  year  1798, 
has  hitherto  been  found  only  in  three  rare  minerals,  the  euclase,  beryl, 
and  emerald.  *  It  is  supposed  by  analogy  to  be  the  oxide  of  a  metal, 
and  ita  supposed  metalUc  base  is  called  Gluemtum^* 


*  Glucinium  has  been  obtained  in  a  separate  state  by  Dr  Wohler : 
his  process  is  as  follows :— Mix  pure  glucina  intimately  with  charcoal, 
and  heat  it  to  redness,  exposed  to  a  cunent  of  dry  chlorine.  A  chlo- 
ride of  glucinium  is  thus  obtained,  sublimed  in  brilliant  white  needles, 
one  part  of  which  presents  a  compact  texture,  and  the  remainder  a 
solid  fused  mass.  Place  the  chloride  thus  formed  injayers,  in  a 
platinum  crucible,  along  with  flattened  pieces  of  potassium.  Fix  the 
cover  on  tightly  by  means  of  a  wire,  and  heat  with  a  spirit  lamp. 
The  reduction  immediately  takes  place,  and  with  so  great  an  extricatioa 
of  caloric,  that  the  crucible  becomes  of  a  white-red  heat.  Altow  the 
crucible  to  cool  completely,  take  off  the  cover,  and  empty  its  contents 
into  a  large  glass  filled  with  water.  The  fused  gray  mass,  consisting  of 
the  chlorides  of  potassium  and  glucinium,  dissolves,  while  thegludnium 
remains  behind  in  the  form  of  a  grayish-black  powder,  which  is  to  be 
thrown  upon  a  filter,  washed  and  dried. 

Glucinium  is  in  the  form  of  a  dark  gray  powder,  resembling  In  all 
respects  a  metal  precipitated  in  the  pulverulent  focm.     Under  the 

/ 
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OKieiDa  is  commonly  prepared  from  beryl,  in  which  it  exists  to 
the  extent  of  about  14  per  cent,  combined  with  silica  and  alumina. 
In  order  to  procure  it  in  a  separate  state,  the  mineral  is  reduced  to  an 
exceedingly  fine  powder,  mixed  with  three  times  its  weight  of  car- 
bonate of  potassa,  and  exposed  to  a  strong  red  heat  for  half  an  hour, 
so  that  the  mixture  may  be  fused.  The  mass  is  then  dissolved  in 
dilute  muriatic  acid,  and  the  solution  eyaporated  to  perfect  dryness; 
by  which  means  the  silica  is  rendered  quite  insoluble.  The  alumina 
and  glucina  are  then  redissolved  in  water  acidulated  with  muriatic 
acid,  and  thrown  down  together  with  pure  ammonia.  The  precipitate, 
after  being  well  washed,  is  macerated  with  a  large  excess  of  carbonate 
of  ammonia,  by  which  glucina  is  dissolved ;  and  on  boiling  the 
filtered  liquid,  carbonate  of  glucina  subsides.  By  means  of  a  red 
heat,  the  carbonic  acid  is  entirely  expelled. 

Glucina  is  a  white  powder,  which  has  neither  taste  nor  odour,  and 
is  quite  insoluble  in  water.  Its  specific  gravity  is  8.  Vegetable 
colours  are  not  affected  by  it.  The  salts  which  it  forms  with  acids 
have  a  sweetish  taste,  a  circumstance  which  distinguishes  glucina 
from  other  earths,  and  from  which  its  name  is  derived.*  According 
to  the  analysis  of  Dr  Thomson  and  Berzeliu$,  26  is  the  atomic  weight 
of  glucina. 

Glucina  may  be  knovm  chemically  by  ifae  following  characters.  1. 
Pure  potassa  or  soda  precipitates  glucina  from  ita  salts,  but  an  excesa 
of  the  alkali  redissolves  it.  2.  It  is  precipitated  permanently  by  pure 
ammonia  as  the  hydrate,  and  by  fixed  alicaline  carbonates,  as  car- 
bonate of  glucina.  3.  It  is  dissolved  completely  by  a  cold  solution 
of  carbonate  of  ammonia,  and  is  precipitated  from  it  by  boiline.  By 
means  of  this  )>roperty,  glucina  may  be  both  distinguished  ana  sepa* 
rated  from  alumina. 

Tttnum. 

Yltrium  f  is  the  supposed  metallic  base  of  an  earth  which  was 
discovered  in  the  year  1794  by  Professor  Gadolin,  in  a  mineral  found 
at  Ytterby  in  Sweden,  from  which  it  received  the  name  of  Yttria. 


burnisher,  it  assumes  a  dull  metallic  lustre.  Its  fusing  point  is  very 
high,  tt  undergoes  no  change  either  in  air  or  when  exposed  to  boiling 
water.  When  heated  to  redness  on  platinum  foil,  it  takes  fire,  and 
bums  with  great  brilliancy,  and  glucina  is  regenerated.  In  oxygen  it 
bums  with  extraordinary  brilliancy ;  and  yet  the  glucina  formed  gives  « 
no  indications  of  fusion.  It  bums  also  in  chlorine,  and  in  the  vapours 
of  bromine  and  iodine.  Jin,  de  Ch,  et  de  Pk,  Sep.  1S28.  B. 
•  From  yxi»»wc  sweet. 


lustre.  After  being  washed  and  dried,  it  appears  under  the  form  of  a 
shining  metallic  powder,  of  a  grayish-black  colour.  By  reason  of  Its 
metallic  and  crystalline  appearance,  it  is  readily  distinguished  from 
glucinium  and  aluminium.  Under  the  burnisher,  it  gives  a  true 
metallic  trace.  It  is  very  far,  however,  from  having  a  metallic  lustre 
comparable  to  that  of  aluminium,  which  is  remarkably  while  and 
metallic.  At  ordinary  temperatures,  it  is  not  oxidized  either  by  air  or 
water.  Heated  to  redness  in  the  open  air,  it  takes  fire  and  burns  with 
dazzling  splendour,  regenerating  yttria.  In  pure  oxygen  it  burns 
with  extraordinary  brilliancy.    An,de  Ch,  etdePh,  Sep,  1828.  B. 
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Yttria  resembles  alamma  and  glucina  in  its  chemical  properties; 
but  is  distinguished  from  both  by  beiog  insoluble  in  a  solution  of  pure 
potassa.  Its  atomic  weight,  as  deduced  by  Dr  Thomson  from  the 
analyses  of  Berzelius,  is  42. 

The  substance  called. /A^rtna,  supposed  by  fierzelius  to  be  a  dis- 
tinct earth,  has  been  recognised  by  that  chemist  to  be  phosphate  of 
yttria*. 

Zirconium. 

The  experiments  of  Sir  H.  Davy  proved  zirconia  to  be  an  oxidized 
body,  and  afforded  a  presumption  that  its  base,  srircemtiim,  is  of  a 
metallic  nature.  The  decomposition  of  this  earth,  however,  had  not 
been  effected  in  a  satisfactory  manner  till  the  year  1824,  when  Berze- 
lius succeeded  in  obtaining  zirconium  in  an  insulated  state. 

Zirconium  is  procured  by  heating  a  mixture  of  potassium,  and  hy- 
drofluate  of  zirconia  and  potassa,  carefully  dried,  in  a  tube  of  glass  or 
iron,  by  means  of  a  spirit  lamp.  The  reduction  takes  place  at  a  tem- 
perature below  redness,  and  without  emission  of  light.  The  mass  is 
then  washed  with  boHing  water,  and  afterwards  digested  for  some 
time  in  dilute  muriatic  acid.    The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  in  the  form  of  a  black  powder,  which 
ma^  be  boiled  in  water  without  being  oxidized,  and  is  attacked  with 
dimculty  by  sulphuric,  muriatic,  or  nitro- muriatic  acid ;  but  Is  dissolv- 
ed readily,  and  with  disengagement  of  hydrogen  gas,  by  hydrofiuoric 
acid.  Heated  in  the  open  air  it  takes  fire  at  a  temperature  far  below 
luminousness»  bums  brightly,  and  is  converted  into  zirconia.  Its  me- 
tallic nature  seems  somewhat  questionable.  It  may  indeed  be  press- 
ed out  into  thin  shining  scales  of  a  dark  gray  colour,  and  of  a  lustre 
which  may  be  called  metallic ;  but  its  particles  cohere  together  very 
feebly,  and  it  has  not  been  procured  in  a  state  capable  of  conducting 


*  Berzelius  discovered  in  1829  a  new  earth,  to  which  he  has  given 
the  name  thorina,  an  appellation  which  he  formerly  applied  to  a  sub- 
stance, erroneously  supposed  byhim  to  be  an  earth,  but  which  be-after- 
wards ascertained  to  be  phosphate  of  yttria,  as  mentioned  by  Dr  Turner. 

Thorina  is  a  constituent  of  a  new  mineral  found  at  Brevig  in  Nor- 
way* It  Is  while  and  irreducible  by  charcoal  and  potassium.  Its 
specific  gravity  is  9.4.  After  having  been  strongly  ignited,  it  is  not 
attacked  by  any  of  the  acids,  except  the  concentrated  sulphuric.  It 
dissolves  very  readily  in  carbonate  of  ammonia.  On  heating  the 
solution,  a  portion  of  the  earth  is  precipitated,  but  is  afterwards  re- 
dissolved  as  the  solution  cools. 

Thorinlum,  or  the  radical  of  thojrina,  is  obtained  by  decomposing 
chloride  of  thorinlum  by  means  of  potassium.  It  is  a  gray  metallic 
powder,  incapable  of  decomposing  water,  but  which,  when  heated 
above  redness,  burns  with  a  splendour  nearly  equal  to  that  of  the  com- 
bustion of  phosphorus  in  oxygen.  It  is  but  slightly  acted  on  b^  nitric 
or  sulphuric  acid.  Muriatic  acid,  on  the  contrary,  dissolves  it  with 
brisk  effervescence. 

The  sulphate  of  thorina  has  the  remarkable  property  of  being  very 
soluble  in  cold  water,  but  nearly  insoluble  in  boiling  water.  The  earth 
itself  contains  11.8  per  cent  of  oxygen;  and  assuming  It  to  be  a  pro- 
toxide, the  equivalent  number  of  thorinlum  will  be  nearly  60.  An» 
de  Ch.  et  de  Ph.  JloiJtt  1829.  B. 
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eleeiridty.  These  points,  however,  require  further  investigatioQ  be- 
fore a  decisive  opinion  on  the  subject  can  be  adopted*. 

Zireonia  was  discovered  in  the  year  1789  by  Kiaproth  in  the  Jargon 
or  Zircon  of  Ceylon,  and  has  since  been  found  in  the  Hyacinth  from 
Expailly  in  France.  It  is  an  earthy  substance,  resembling  alumina  in 
appearance,  of  specific  gravity  4.8,  havifig  neither  taste  nor  odour, 
ao4  quite  insoluble  in  water.  Its  colour,  when  pure,  is  white ;  but  It 
has  frequently  a  tinge  of  yellow,  owing  to  the  presence  of  iron,  from 
which  it  is  separated  with  great  difficulty.  Its  salts  are  distinguished 
from  those  of  alumina  or  glucina  by  being  precipitated  by  all  the  pure 
.  alkaties,  in  an  excess  of  which  it  is  insoluble.  The  alkaline  carbonates 
precipitate  it  as  carbonate  of  zireonia,  and  a  small  portion  of  it  is  re- 
dissolved  by  an  excess  of  the  precipitant.         * 

The  composition  of  zireonia  has  not  yet  been  satisfactorily  determin- 
ed. From  some  analyses  by  Berzelius,  described  in  the  Essay  above 
refeii^d  to,  it  is  probable  that  the  atomic  weight  of  this  earth  is  about 
30  or  S3. 

Sulphwet  of  Zirconium, — This  compound  may  be  prepared,  ac- 
cording to  Berzelius,  by  heating  zirconium  with  sulphur  in  an  at- 
mosphere of  hydrogen  gas ;  and  the  union  is  e/fected  with  feeble  emis- 
siop  of  light.  The  product  is  pulverulent,  a  non-conductor  of  elecf 
tiicity,  of  a  dark  chesnut-brown  colour,  and  without  lustre.  It  is 
insoluble  in  sulphuric,  nitric,  and  muriatic  acid;  and  it  is  slowly 
aHacked  bynitro-muriatic  acid,  even  with  the  aid  of  heat.  It  is  readily 
dissolved >by  hydrofluoric  acid,  with  disengagement  of  hydrogen  gas. 


SECTION  X. 

SILWIUM. 

That  silica  or  siliceous  earth  is  composed  of  a  combustible  body 
united  with  oxygen,  was  demonstrated  by  Sir  H.  Davy ;  for  on  bring- 
ing the  vapour  of  potassium  in  contact  with  pure  silica  heated  to 
whiteness,  a  compound  of  silica  and  potassa  resulted,  through  which 
was  diffiised  the  inflammable  base  of  silica,  in  the  form  of  black  parti- 
cles like  plumbago.  To  this  substance,  on  the  supposition  of  its  being 
.  a  metal,  the  term  nlieium  was  applied.  But  though  this  view  has 
been  adopted  by  most  chemists,  so  little  was  known  with  certainty 
concerning  the  real  nature  of  the  base  of  silica,  that  Dr  Thomson  in- 
clined to  the  opinion  of  its  being  a  non  metallic  body,  and  accordingly* 
associated  it,  in  his  system  of  chemistry,  with  carbon  and  boron  under 
the  name  of  silicon.  The  recent  researches  of  Berzelius  appear  al- 
most decisive  of  this  question.  A  substance  which  wants  the  metallic 
lustre,  and  is  a  non-conductor  of  electricity,  cannot  be  regarded  as  a 
metal.  It  may  not  be  improper,  however,  to  have  the  absence  of  these 
qualities  more  completely  ascertained,  before  separating  silica  from  a 
class  of  bodies  with  which,  in  several  respects,  it  is  so  nearly  allied. 
Pure  siiicium  was  first  procured  by  Berzelius  in  the  year  1824  by 


•  Po^endorff's  Anoalen,  vol.  iv.,  or  Quarterly  Journal  of  Science, 
A  2 
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the  action  of  potassium  on  auosiHcie  add  gas;  bat  it  is  more  con- 
veniently prepared  from  the  double  hydrofluate  of  silica  and  potassa  oc 
soda,  previously  dried  by  a  temperature  near  that  of  redness.  In  this 
state  the  compound  may  be  regarded  as  a  double  fluoride,  in  which 
neither  oxygen  nor  hydrogen  are  present;  and  when  heated  in  a  irlass 
tube  with  potassium,  this  metal  unites  with  fluorine,  and  silioium  is 
separated.  The  heat  of  ^a  spirit  lamp  Is  sufficient  for  the  purpose, 
and  the  decomposition  takes  plape,  accompanied  with  feeble  detona- 
tion .before  the  mixture  becomes  red-hot.  When  the  mass  is  cold,  the 
soluble  parts  are  removed  by  the  action  of  water;  the  first  portions  of 
which  produce  disengagement  of  hydrogen  gas,  owing  to  the  pre- 
sence  of  some  siliciuret  of  potassium.  The  silicium  thus  procured  is 
chemically  united  with  a  little  hydrogen,  and  at  a  red  heat  bums  vi- 
vid y  in  oxygen  eas.  In  order  to  render  it  quite  pure,  it  should  be 
first  heated  to  redness,  and  then  digested  in  dilute  hydrofluoric  acid  to 
dissolve  adherent  particles  of  silica.  (Annals  of  Philosophy,  xxvi.  H6  ) 

Sihcium,  obtained  in  this  manner,  has  a  dark  nut-brown  colour 
without  the  least  trace  of  metallic  lustre.  It  is  a  non-conductor  of 
electncity.  It  is  incombustible  in  air  and  in  oxygen  gas:  and  may 
be  exposed.to  the  flame  of  the  blowpipe  without  fusing  or  updereoinf 
any  other  change.  It  is  neither  dissolved  nor  oxidixed  by  the  sul- 
phuric, nitric,  muriatic,  or  hydrofluoric  acid;  but  a  mixture  of  the 
mtric  and  hydrofluoric  acids  dissolves  it  readily  even  in  the  cold* 

Silicium  is  not  changed  by  ignition  with  chlorate  of  potassa. '  In 
nitre  it  does  not  deflagrate,  until  the  temperature  is  raised  so  high  that 
the  acid  IS  decomposed;  and  then  the  oxidation  is  effected  by  the 
affinity  of  the  disengaged  alkali  for  silica,  cooperating  with  the  attrac- 
tion  of  oxygen  for  silicium.    For  a  similar  reason  it  burns  viyidly 

•  Dr  Turner  has  not,  I  think,  described  in  a  sufficiently  distinct 
manner  the  two  states  under  which  silicium  appears.  Its  characters 
are  so  much  altered  by  exposure  to  a  high  temperature,  that  Berzelius 
has  deemed  it  expedient  to  give  a  separate  description  of  the  proper- 
ties which  it  presents  before  and  after  ignition. 

Silicium  before  ignition  is  neither  dissolved  nor  oxidized  by  sul- 
phuric, nitric,  or  nitro-muriatic  acid,  even  at  the  boiling  tempera- 
ture; but  is  soluble  in  liquid  hydrofluoric  acidf  at  common  tem- 
peratures, and  in  a  heated  concentrated  solution  of  caustic  potassa* 
It  burns  readily  and  vividly  in  air,  and  still  more  .vividly  in  oxygen  gas. 
A  part  of  it  only  undergoes  combustion,  the  remainder  being  protected 
by  the  coating  of  silica  which  becomes  formed.  In  this  state  silicium 
^ontains  a  little  hydrogen. 

If  a  portion  of  silicium  which  has  undergone  combustion  on  its  sur- 
face, be  subjected  to  the  action  of  hydrofluoric  acid,  the  silica  is  re- 
moved, and  a  nucleus  of  silicium  is  obtained  in  that  state  in  which  It 
exists,  after  having  been  condensed  and  altered  in  its  properties  by 
heat.  It  is  now  perfectly  incombustible,  and  is  no  longer  soluble  in 
hydrofluoric  acid  or  a  solution  of  caustic  potassa. 

Berzelius  does  not  appear  to  attribute  the  difference  in  properties  of 
the  two  varieties  of  silicium  to  the  presence  of  hydrogen  in  one  of  them ; 
but  rather  to  a  difference  in  the  aggregation  of  the  particles.  JBerze- 
liue^  DraUi  de  Chimie,  L  870.    B. 

t  The  acid  given  in  the  French  edition  of  Berzelius's  woric  is  th« 
hydrochhrie  ;  but  this  is  evidently  a  mistake.  B, 
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when  brought  into  contact  with  carbonate  of  potassa  or  soda,  and  the 
combustion  ensues  at  a  temperature  considerably  below  redness.  It 
explodes,  in  consequence  of  a  copious  evolution  of  hydrogen  gas, 
when  it  is  dropped  upon  the  fused  hydrate  of  potassa,  soda,  or  baryta. 

Oxide  of  SUicium^  or  SUica. 

Silica  exists  in  the  earth  in  great  quantity.  It  enters  into  the  com- 
position of  most  of  the  earthy  minerals;  and  under  the  name  of  quartz 
rock,  forms  independent  mountainous  masses.  It  is  the  chief  ingredient 
in  sandstones ;  and  flint,  calcedony,  rock  crystal,  and  other  analogous 
substances,  consist  almost  entirely  of  silica.  Siliceous  earth  of  suffi- 
cient purity  for  most  purposes  may,  indeed,  be  procured  by  igniting 
transparent  specimens  of  rock  crystal,  throwing  them  while  red-hot 
into  water,  and  then  reducing  them  to  powder. 

Pure  silica,  in  this  state,  is  a  light  white  powder,  which  feels  rough 
and  dry  when  rubbed  between  the  fingers,  and  is  both  insipid  and  in- 
odorous. It  is  fixed  in  the  fire,  and  is  very  infusible ;  but  fuses  be- 
fore the  oxy-hydrogen  blowpipe  with  greater  facility  than  lime  or 
maenesia. 

•&  its  solid  form,  it  is  quite  insoluble  in  water ;  but  Berzelias  has 
shown  that,  when  silica  in  the  nascent  state  is  in  contact  with  that 
fluid,  it  is  dissolved  in  large  quantity.  On  evaporating  the  solution 
gently,  a  bulky  gelatinous  substance  separates,  which  is  the  hydrate 
of  silioA.  This  hydrate  is  partially  decomposed  by  a  very  moderate 
temperature ;  but  a  red  heat  is  required  for  expelling  the  whole  of  the 
water.  According  to  Dr  Thomson,  silica  unites  with  water  in  several 
proportions.  (First  Principles,  vol.  i.  p.  191.) 

Silica,  most  likely  from  its  insolubility,  does  not  change  the  blue  veg- 
etable colours.  It  appears  to  possess  the  properties  of  an  acid  rather 
than  of  an  alkali.  Thus,  no  acid  acts  upon  silica  except  the  hydro- 
fluoric acid;  whereas  it  is  dissolved  by  solutions  of  the  fixed  alkalies, 
and  combines  with  many  of  the  metallic  oxides.  On  this  account 
silica  is  termed  aUicie  acid  by  some  chemists,  and  its  compounds  with 
alkaline  bases  silicates.  The  compound  earthy  minerals  that  contain 
silica  may  be  regarded  as  native  silicates. 

The  combination  of  silica  with  the  fixed  alkalies  is  best*effected  by 
mixing  pure  sand  with,  carbonate  of  potassa  or  soda,  and  heating  the 
mixture  to  redness.  During  the  process,  carbonic  acid  is  expelled, 
and  a  silicate  of  the  alkali  is  generated.  The  nature  of  the  product 
depends  upon  the  proportions  which  are  employed.  On  igniting  one 
part  of  silica  with  three  of  the  carbonate  of  potassa,  a  vitreous  mass  is 
formed,  which  is  deliquescent,  and  may  be  dissolved  completely  in 
water.  This  solution,  which  was  formerly  called  liquor  st/tcum,  has 
an  alkaline  reaction,  and  absorbs  carbonic  acid  on  exposure  to  the 
atmosphere,  by  which  it  is  partially  decomposed.  Concentrated  acids 
precipitate  the  silica  as  a  gelatinous  hydrate ;  but  if  a  considerable 
quantity  of  water  is  present,  and  the  acid  is  added  gradually,  the  alkali 
may  be  perfectly  neutralized  without  any  separation  of  silica.  When 
a  solution  of  this  kind  is  evaporated  to  dryness,  the  silica  is  rendered 
quite  insoluble,  and  may  thus  be  obtained  in  a  pure  form. 

But  if  the  proportion  of  silica  and  alkali  is  reversed,  a  transparent 
brittle  compound  results,  which  is  insoluble  in  water,  is  attacked  by 
none  of  the  acids  excepting  the  hydrofluoric,  and  possesses  the  well- 
known  properties  of  glass.    £?eiy  kind  of  glass  is  composed  of  silica 
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and  an  alkali,  and  all  ita  varieties  are  owing  either  to  differences  in 
tlie  proportions  of  the  constituents,  to  tlie  nature  of  tlie  alkali,  or  to 
the  presence  of  foreign  matters.  Thus  the  p^reen  bottle  glass  is  made 
of  impure  materials,  such  as  river  sand,  which  contains  iron,  and  the 
most  common  kind  of  kelp  or  peariashes.  Crown  glass  for  windows  is 
made  of  a  purer  alkali,  and  sand  which  is  free  from  iron.  Plate  glass, 
for  looking-glasses,  is  composed  of  sand  and  alkali  in  their  purest 
state;  and  io  the  formation  of  flint  glass,  besides  these  pure  ingre- 
dients, a  considerable  quantity  of  litharge  or  red  lead  is  employed. 
A  small  portion  of  the  peroxide  of  manganese  is  also  used,  in  order  to 
o)^idize  carbonaceous  matters  contained  in  the  materials  of  the  glass  ; 
and  nitre  is  sometimes  added  with  the  same  intention. 

Berzelius  ascertained  the  composition  of  silica  by  oxidizing  a  known 
quantity  of  silicium,  and  weighing  the  product  carefully ;  and  accoid- 
ing  to  this  synthetic  experiment,  100  parts  of  silica  are  composed  of 
48  parts  of  silicium  and  52  parts  of  oxygen.  The  atomic  weight  of 
silica,  deduced  apparently  with  great  care  by  Dr  Thomson,  is  pie- 
dsely  16.  Chemists  are  not  agreed  about  the  atomic  constitution  of 
silica.  Berzelius  considers  it  a  compound  of  one  atom  of  silicium 
and  three  atoms  of  oxygen  ;  but  the  opinion  of  Dr  Thomson,  that  it 
is  composed  of  an  atom  of  each  element,  is  both  more  simple  and 
agrees  t>etter  with  the  combining  proportion  of  silica.  Accoiding  to 
this  view,  and  adopting  16  as  the  equivalent  of  silica,  8  is  of  course 
the  equivalent  of  silicium,  an  inference  which  accords  very  nearly 
with  the  experimental  result  of  Berzelius. 

Chloride  of  Silicium, — When  silicium  is  heated  in  a  current  of 
chlorine  gas,  it  takes  fire,  and  is  rapidly  volatilized.  The  product  of 
the  combustion  condenses  into  a  liquid,  which  appears  to  be  naturally 
colourless,  but  to  which  an  excess  of  chlorine  communicates  a  yellow 
tint.  This  fluid  is  very  limpid  and  volatile,  and  evaporates  almost 
instantaneously  in  open  vessels  in  the  form  of  a  white  vapour.  It  has 
a  sufibcating  odour  not  unlike  that  of  cyanogen,  and  when  put  into 
water  is  converted  into  muratic  acid  and  silica,  the  latter  being  easily 
obtained  in  the  gelatinous  form.  (Berzelius.) 

Sulphuret  of  l^ieium. — This  compound  is  formed  by  heating 
silicium  in  the  vapour  of  sulphur,  and  the  union  is  attended  with 
the  phenomena  of  combustion.  The  product  is  a  white  earthy  look- 
ing substance,  which  is  instantly  converted  by  the  action  of  water 
into  sulphuretted  hydrogen  and  silica ;  and  while  the  former  escapes 
with  efiervescence,  the  latter  is  dissolved  in  larse  quantity.  In  open 
vessels,  owing  to  the  moisture  of  the  atmosphere,  it  undergoes  a 
similar  change ;  but  in  dry  air  it  may  be  kept  unaltered. 

FluosUicic  Add  Gaa. 

This  gas  is  formed  whenever  hydrofluoric  acid  comes  in  contact 
with  siliceous  earth ;  and  this  is  the  reason  why  pure  hydrofluoric 
acid  can  be  prepared  in  metallic  vessels  only,  and  with  fluor  spar  that 
is  free  from  rock  crystal.  The  most  convenient  method  of  procuring 
the  gas  is  to  mix  in  a  retort  one  part  of  pulverized  fluor  spar  with  its 
own  weight  of  sand  or  pounded  glass,  and  two  parts  of  strong 
sulphuric  acid.  On  applying  a  gentle  heat,  fluosilicic  acid  gas  |s  dis- 
engaged with  effervescence,  and  may  be  collected  over  mercury. 

The  chemical  changes  attending  the  process  are  differently  explain- 
.ed,  according  to  the  view  which  is  taken  concerning  the  nature  of  the 
product.    In  regarding  fluor  spar  as  a  compound  of  fluoric  acid  and 


SUicium.  809 

lime,  the  former,  at  the  moment  of  being  set  free,  is  thought  to  unite 
directly  with  silica ;  so  that  the  resulting  compound  consists  of  silica 
and  fluoric  acid.  But  for  reasons  already  stated,  (page  226)  fluor  spar 
is  here  not  considered  as  a  fluate  of  lime ;  and  therefore  this  view 
cannot  be  admitted.  It  is  inferred,  on  the  contrary,  that  when,  by 
the  action  of  sulphuric  acid  on  fluoride  of  calcium,  hydrofluoric  acid 
is  generated,  the  elements  of  this  acid  react  on  those  of  silica,  and 
give  rise  to  the  production  of  water  and  fluosilicic  acid  gas.  This 
gas  is,  therefore,  a  fluoride  of  silicium ;  and  though  in  compliance 
with  the  usage  of  other  chemist,  I  have  retained  its  ordinary  name,  its 
title  to  be  considered  an  acid  is  questionable.  It  may  occur  to  some 
whether  hydrofluoric  acid  does  not  unite  directly  with  silica;  but 
this  idea  is  inconsistent  with  the  proportion  in  which  the  elements  of 
theeas  are  found  to  be  united. 

This  compound  is  a  colourless  gas,  which  extinguishes  flame,  de- 
stroys animals  that  are  immersed  in  it,  and  irritates  the  respiratory 
organs  powerfully.  It  does  not  corrode  glass  vessels  provided  they 
ate  quite  dry.  When  mixed  with  atmospheric  air,  it  forms  a  white 
cloud,  owing  to  the  presence  of  watery  vapour.  Its  specific  gravity, 
according  to  Dr  Thomson,  is  3.6111 ;  and  100  cubic  inches  of  it,  at 
60**  F.  and  when  the  barometer  stands  at  30  inches,  weigh  110.138 
grains. 

Water  acts  powerfully  on  fluosilicic  acid  gas,  of  which  it  condenses, 
according  to  Dr  John  Davy,  365  times  its  volume.  (Philos.  Trans. 
for  1812.)  The  gas  sufiers  decomposition  at  the  moment  of  contact 
with  water,  depositing  part  of  its  silica  in  the  form  of  a  gelatinous 
hydrate,  which  when  well  washed  is  pure.  The  liquid,  which  has  a 
sour  taste  and  reddens  litmus  paper,  contains  the  whole  of  the  hydro- 
fluoric acid,  together  with  two-thirds  of  the  silica  which  was  originally 
present  in  the  ^as.  (Berzelius.)  By  conducting  the  fluosilicic  acid 
eas  into  a  solution  of  ammonia,  complete  decomposition  ensues  : — 
fiydrofluoric  acid  unites  with  the  alkali,  forming  hydrofluate  of  ammo- 
nia, and  all  the  silica  is  deposited.  On  this  fact  is  founded  the  mode 
of  analyzing  fluosilicic  acid  gas,  adopted  by  Dr  Davy  and  Dr  Thom- 
son. According  to  the  results  obtained  by  Thomson,  which  appear 
more  correct  than  those  of  Dr  Davy,  this  gas  is  composed  of  18.86 
parts  or  one  equivalent  of  fluorine,  and  8  parts  or  one  equivalent  of 
silicium.  Considered  as  a  compound  of  iiuorio  acid  and  silica,  it 
consists  of  10.86  parts  or  one  equivalent  of  fluoric  acid,  and  16  parts 
or  one  equivalent  of  silica. 

The  solution  which  js  formed  by  fully  saturating  water  with  fluo- 
silicic acid  gas  is  powerfully  acid,  and  emits  fumes  on  exposure  to 
the  air.  It  is  commonly  known  by  the  name  of.  sUieated  Jhunrie 
acid;  but  a  more  appropriate  term  ia  ailieo-hydrofluoric  acid.  Ac- 
cording to  the  experiments  of  Berzelius,  it  appears  to  be  a  definite 
comp9und  of  hydrofluoric  acid  and  silica,  in  the  ratio  of  three  equi- 
yalents  of  the  former  to  two  of  the  latter.  If  evaporated  before 
separation  from  the  silica  deposited  by  the  action  of  water  on  fluo- 
siKcic  acid  gas,  this  compound  is  reproduced.  But  if  the  solution  is 
\)oured  off  from  the  silica  thus  deposited,  and  then  evaporated,  fluo- 
silicic  acid  gas  is  at  first  evolved,  and  subsequently  hydrofluoric  acid 
and  water  are  expelled.  The  evaporation  of  silico-hydrofluoric  acid 
in  vacuo  is  attended  by  a  similar  change,  so  that  this  acid  cannot  be 
obtained  free  from  water.  It  does  not  corrode  class;  but  when 
evaporated  in  glass  vessels,  the  production  of  free  hydrofluoric  acid 
of  course  gives  rise  to  corrosion. 

On  neutralizing  silico-hydrofluoric  acid  with  ammonia,  and  gently 
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evtporating  to  dryness,  all  the  silica  Is  rendered  insoluble.  By  exactly 
neutralizing  with  carbonate  of  potassa,  nearly  all  the  silica  and  acid 
are  precipitated  in  the  form  of  a  sparingly  soluble  double  hydrofluate 
of  silica  and  potassa ;  and  a  still  more  complete  precipitation  is 
effected  by  muriate  of  baryta  in  excess,  when  hydrofluate  of  silica 
and  baryta  is  generated.  A  variety  of  similar  compounds  may  be 
obtained  either  by  double  decomposition,  or  by  the  action  of  sitico- 
hydrofluoric  acid  on  metallic  oxides.  Most  of  these  salts  are  soluble 
In  water,  those  of  potassa,  soda,  lime,  baryU,  and  yttria,  being  the 
only  sparingly  soluble  ones  noticed  by  Berzelius.  They  have  in 
general  a  sour  bitter  taste,  redden  litmus  paper,  and  are  decomposed 
at  a  high  temperature  with  disengagement  of  fluosilicic  ticid  gas. 
These  salts  were  formerly  known  by  the  name  of  fluoaiUeates,  in 
which  silica  and  fluoric  acid  were  thought  to  act  the  part  of  a  com- 
pound acid ;  but  Berzelius  hiais  shown  that  this  view  is  inaccurate, 
and  that  they  may  be  regarded  as  double  salts,  consisting  of  two 
proportionals  of  hydrofluate  of  silica,  and  one  proportional  of  a  hydro- 
fluate of  some  other  base. 

Most  of  the  facts  contained  in  the  preceding  account  of  silico-hy- 
drofluoric  acid  are  drawn  in  part  from  an  Essay  of  Berzelius  in  the 
Annals  of  Philosophy,  xxiv.  450,  but  chiefly  from  his  Lehrbueh  der 
Chemie,  i.  631. 


CLASS  11. 

METALS,  THE    OXIDES    OF   WHICH    ARE 
NEITHER  ALKALIES  NOR  EARTHS. 

ORDER  I. 

METALS  WHICH  DECOMPOSE  WATER  AT  A  RED 
HEAT. 


SECTION  XL 

MAJVOAJ^ESE. 

Manganese,  which  was  discovered  in  the  year  1774  by  Gahn  and 
Seheele,  is  a  hard  brittle  metal,  of  a  grayish-wbite  colour,  and  granu- 
lar texture.  Its  specific  gravity  is  6.86.  When  pure  it  is  not  attract- 
ed trjr  the  magnet.  It  is  exceedingly  infusible,  requiring  a  heat  of 
160*^ Wedgwood  foe  fusion.  It  soon  tarnishes  on  exposure  to  the  air, 
and  absorbs  oxygen  with  rapidity  when  heated  to  redness  in  open 
vessels.  It  is  said  to  decompose  water  af  common  temperatures  with 
disengagement  of  hydrogen  gas,  thouch  the  process  is  exceedingly 
alow ;  but  at  a  led  heat  decomposition  Is  npld,  and  protoxide  of  man- 
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l^nese  is  eeoerated.  The  decomposition  of  water  is  likewise  occa- 
sioned by  dilute  muriatic  or  sulphuric  acid,  and  the  muriate  or  sul* 
phate  of  the  protoxide  of  manganese  is  the  product. 

Manganese,  owing  doubtless  to  its  powerful  affinity  for  oxygen,  has 
never  been  found  in  an  uncombined  state  in  the  earth ;  but  the  perox- 
ide of  manganese  occurs  abundantly.  This  metal  retains  its  oxygen 
with  such  force  that  its  oxides  require  a  stronger  heat  for  reduction 
than  potassa  or  soda.  The  method  by  which  Gahn  succeeded  in  pro* 
curing  metallic  manganese,  was  by  exposing  the  peroxide,  surrounded 
with  charcoal,  to  the  most  intense  heat  of  a  smith's  forge ;  and  this 
process  has  been  successfully  repeated  by  others.  (Berthier  in  An.  de 
Ch.  et  de  Ph.  vol.  xx.) 

Oocidea  of  Manganese. 

Different  opinions  have  prevailed  concerning  the  number  of  the  ox- 
ides of  manganese ;  nor  do  chemists,  even  at  present,  seem  quite  de- 
cided upon  the  subject.  The  existence,  however,  of  four  distinct 
compounds,  containing  manganese  and  oxygen,  may  be  regarded  as 
certain.  One  of  these,  called  the  red  oxide,  is  obviously  composed  of 
two  of  the  others ;  so  that  the  number  of  the  real  oxides  of  manganese 
does  not  exceed  three.  Their  composition  has  been  particularly  in- 
vestigated by  Dr  Thomson*,  M.  Arfwedsonf,  M.  Bertbier|,  and  very 
lately  by  myseU§.  I  am  satisfied  that  the  results  obtained  by  Dr 
Thomson  and  myself  are  very  near  the  truth,  and  they  agree  closely 
with  those  of  the  two  others.  Accordingly,  the  composition  of  these 
oxides  may  be  thus  stated. — 

Manganese.  Oxygen, 

Protoxide       28,  or  one  equivalent,     8,  or  one  equivalent. 
Deutoxide      28  .  .         12,  or  one  and  a  half  equivalents. 

Peroxide         28  .  .         16,  or  two  equivalents. 

Peroxide. — This  is  the  well-known  ore  commonly  called  from  its 
colour  the  black  oxide  of  tnanganese,  the  nature  of  which  was  ascer- 
tained in  1774  by  Scheele.  It  generally  occurs  massive,  of  an  earthy 
appearance,  and  mixed  with  other  substances,  such  as  siliceous  and 
aluminous  earths,  oxide  of  iron,  and  carbonate  of  lime.  It  is  some- 
times found,  on  the  contrary,  in  the  form  of  minute  prisms  grouped 
together,  and  radiating  from  a  common  centre.  This  oxide  may  be 
made  artificially  by  exposing  the  nitrate  of  manganese  to  a  commen- 
cing red  heat,  until  the  whole  of  the  nitric  acid  is  expelled ;  but  I  have 
never  succeeded  in  procuring  it  quite  pure  by  this  process,^  because 
the  heat  required  to  drive  off  the  last  traces  of  acid,  likewise  expel 
some  oxygen  from  the  peroxide. 

Peroxide  of  manganese  undergoes  no  change  "on  exposure  to  the 
air.  It  is  insoluble  in  water,  and  does  not  unite  either  with  acids  or 
alkalies.  When  boiled  with  sulphuric  acid,  it  yields  oxysen  gas,  and 
a  sulphate  of  the  protoxide  is  formed.  (Page  134.)  with  muriatic 
acidi  a  muriate  of  the  protoxide  is  generated,  and  chlorine  is  evolved. 


*  First  Principles,  vol.  i. 

t  Letter  from  ]3erzeUu8  in  the  Annales  de  Ch.  et  de  Ph.  vol.  vi. 
t  Ibid.  XX. 

I  Philos.  Trans,  of  Edinburgh  for  1828 ;  or  Phaoiophical  Blagasine 
and  Annals  for  July,  1828. 
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(Page  196.)  The  solutioD  in  both  cases  is  of  a  deep  red  Colour,  pro- 
vided aoy  undissolved  oxide  is  present ;  but  if  separated  from  the  un- 
dissolved portions,  it  is  readily  rendered  colourless  by  heat.  The  ac- 
tion of  sulphuric  acid  in  the  cold  is  exceedingly  tardy  and  feeble,  a 
minute  quantity  of  oxygen  gas  is  slowly  disengaged,  and  the  acid  ac- 
quires an  amethyst- red  tint.  On  exposure  to  a  red  heat,  it  is  con- 
yerted,  with  evolution  of  oxygen  gas,  into  the  deutoxide  of  manga- 
nese. (Page  135.) 

Peroxide  of  manganese  is  employed  in  the  arts  in  the  manufacture 
of  glass,  and  in  preparing  chlorine  for  bleaching.  In  the  laboratory,  it 
Is  used  for  procuring  chlorine  and  oxygen  gases,  and  in  the  preparation 
of  the  salts  of  manganese. 

Deutoxide, — This  oxide  occurs  nearly  pure  in  nature,  and  as  a  hy- 
drate it  is  found  abundantly,  often  in  large  prismatic  crystals,  at 
Jhlefeld  in  the  Hartz.  It  may  be  formed  artificially  by  exposing 
peroxide  of  manganese  for  a  considerable  time  to  a  moderate  red  heat, 
and,  therefore,  is  the  chief  residue  of  the  usual  process  for  procuring 
a  supply  of  oxygen  gas;  but  it  is  difficult  so  to  regulate  the  de- 
gree and  duration  of  the  heat,  that  the  resulting  oxide  shall  be  quite 
pure. 

The  colour  of  the  deutoxide  of  manganese  varies  with  the  source 
from  which  it  is  derived.  That  which  is  procured  by  means  of  heat 
from  the  native  peroxide  or  hydrated  deutoxide,  has  a  brown  tint:  but 
when  prepared  from  nitrate  of  manganese,  it  is  nearly  as  black  as  the 
peroxide,  and  the  native  deutoxide  is  of  the  same  colour.  With  sul- 
phuric and  muriatic  acids,  it  gives  rise  to  the  same  phenomena  as  the 
peroxide ;  but  of  course  yields  a  smaller  proportional  quantity  of  oxy- 

gen  and  chlorine  gases.  It  is  more  easily  attacked  than  the  peroxide 
y  cold  sulphuric  acid.  With  strong  nitric  acid,  it  yields  a  soluble 
protonitrate  and  the  peroxide,  as  observed  by  Bertbier ;  jind  when 
boiled  with  dilute  sulphuric  acid,  it  undergoes  a  similar  change.  From 
the  proportion  of  oxygen  and'  manganese  in  this  oxide,  it  may  be  re- 
garded as  a  compound  of  44  parts  or  one  equivalent  of  the  peroxide, 
and  36  parts  or  one  equivalent  of  the  protoxide  of  manganese. 

Protoxide, — By  this  term  is  meant  that  oxide  of  manganese  which 
is  a  strong  salifiable  base,  is  contained  in  all  the  ordinary  salts  of  this 
metal,  and  which  appears  to  be  its  lowest  degree  of  oxidation.  This 
oxide  may  be  formed,  as  was  shown  by  Bertbier,  by  exposing  the 
peroxide,  deutoxide,  or  red  oxide  of  manganese  to  the  combined 
agency  of  charcoal  and  a  white  heat ;  and  Dr  Forchhammer,  in  the 
Annals  of  Philosophy,  xvii.  52,  has  described  an  elegant  mode  of  pre- 
paration, by  exposing  either  of  the  oxides  of  manganese  contained  in  a 
tube  of  glass,  porcelain,  or  iron,  to  a  current  of  hydrogen  gas  at  an  ele- 
vated temperature.  The  best  material  for  this  purpose  is  the  red  ox- 
ide prepared  from  nitrate  of  manganese ;  for  some  of  the  oxides,  espe- 
cially the  peroxide,  are  fully' reduced  to  the  state  of  protoxide  by  hy- 
drogen with  difficulty.  The  reduction  commences  at  a  low  red  heat ; 
but  to  decompose  all  the  red  oxide,  a  full  red  heat  is  required.  The 
same  compound  is  formed  by  the  action  of  hydrogen  gas  at  an  intense 
white  heat. 

Protoxide  of  manganese,  when  pure,  is  of  a  pretty  light  green 
colour,  very  near  the  mountain-green.  According  to  Forchhammer, 
it  attracts  oxygen  rapidly  from  the  air ;  but  in  my  experiments,  it  was 
very  permanent,  undergoing  no  change  either  in  weight  or  appear- 
ance during  the  space  of  nineteen  days.  At  600*"  F.  it  is  oxidized  with 
considerable  rapidity,  and  at  a  low  red  heat  is  converted  in  an  instant 
into  the  red  oxide.    According  to  Forchhammer  and  Arfwedsoo,  it 
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takes  fire  when  Ibus  heated  \  but  I  have  never  ebtenred  this  pheno- 
mepoD.  II  unites  readily  with  acids  without  effervescence,  pro- 
ducing the  same  salts  as  when  the  same  acids  act  on  carbonate  of 
svedganese.  When  it  conies  in  contact  with  concentrated  sulphuric 
aeid,  intense  beat  is  instantly  evolved;  and  the  same  phenomenon  is 
pioduced)  though  in  a  less  degree>  by  strong  muriatic  acid.  The  re* 
suiting  salt  is  the  same  as  when  these  acids  are  heated  with  either  of 
the  other  oxides  of  manganese.  If  quite  pure,  the  protoxide  riiould 
leadily  and  completely  dissolve  in  cold  dilute  sulphuric  acid,  and  yield 
a  eoloofless  solutioD. 

Ih  order  to  prepare  a  pure  salt  of  manganese  firom  the  eoffimon 
peroxide  of  commerce,  either  of  the  following  processes  should  be 
Moployed.  The  impune  deutozide  left  in  the  process  for  procuring 
exygen  gas  from  the  peroxide  by  means  ot  heat,  is  mixed  with  a  sixth 
ef  its  weight  of  charcoal  in  powder^  and  exposed  to  a  white  heat  for 
half  an  hour  in  a  aovered  crucible.  The  protoxide  thus  formed  is  to 
be  dissolved  in  muriatic  acid,  the  solution  evaporated  to  dryness,  and 
the  residue  kept  for  a  quarter  of  an  hour  in  perfect  fusion  ;  being  pro- 
tected as  much  as  possible  from  the  ur.  By  this  means  the  chlorides 
of  icon,  calcium,  and  other  metals  are  decomposed.  The  fiosed  ehlo- 
ridd  of  manganese  is  then  poured  out  on  a  clean  sandstone,  dissolved 
in  water,  and  the  solution  separated  irom  insoluble  matters  by  filtra* 
tion.  If  free  from  iron,  it  will  give  a  white  precipitate  with  ferrocy*- 
anate  of  potassa^  without  any  appearance  of  green  or  blue,  and  a 
flesh-coloured  precipitate  with  hydrosulphuret  of  ammonia.  The 
absence  of  lime  may  be  proved,  or  traces  of  it  separated,  by  oxalate 
of  potassa.  The  manguiese  is  then  thrown  down  as  a  wnite  car- 
bonate by  the  bicarbonate  of  potassa  or  soda ;  and  from  this  salt,  after 
being  well  washed,  all  the  other  salts  of  manganese  may  be  prepared. 
The  other  method  of  forming  a  pure  muriate  was  suggested  by  Mr 
Faraday,  and  consists  of  heating  to  redness  a  mixture  of  peroxide  of 
manganese  with  half  its  weight  of  muriate  of  ammonia;  Owing  to 
the  volatility  of  the  sal  ammoniac,  it  is  necessary  to  apply  the  required 
Iteat  as  rapidly  as  possible,  and  this  is  best  done  by  projef^ting  the 
mixture  in  small  portions  at  a  time  into  a  crucible  kept  Ded-hot.  In 
Ibis  process^  the  chlorme  of  the  muriatic  acid  unites  with  the  metal 
of  the  oxide  to  the  exclusion  of  every  other  substance,  provided  an 
excess  of  manganese  be.  present.  The  resulting  chloride  is  then 
dissolved  in  water,  and  the  insoluble  matters  separated  by  filtration. 
(Faraday  in  Quarterly  Journal,  vol.  vi.) 

The  salts  of  maoganesd  aro  in  general  colouriess  if  quite  pure ;  bot 
more  frequently  diey  have  a  shade  of  pink,  owing  to  the  presence  of 
a  little  red  oxide.  The  protoxide  is  precipitated  from  their  solutions, 
as  the  white  hydrate  by  ammonia, '  or  the  pure  fixed  alkalies ;  as  the 
white  carbonate  of  manganese  by  alkaline  carbonates  and  bicar- 
bonates$  as  the  white  ferrocyanate  of  manganese  by  ferrocyanate  of 
potassa,  a  character  by  which  the  absence  of  iron  may  be  demon- 
strated* These  white  precipitates,  with  the  exception  of  that  obtained 
by  means  of  a  bicarbonate  j  very  soon  become  brown  from  the  absorp- 
tion oi  oxygen.  None  of  the  salts  of  manganese  wJiieh  qontain  a 
strong  aei£  such  as  the  nitric,  muriatic^  or  sulphuric  acid,  are  pre- 
elpitated  by  sulphuretted  hydrogen.  With  an  alkaline  hydrosulphuret, 
on  the  eontrary,  a  flesh-coloured  procipitate  is  formed,  which  is  either 
a  hydrosulphuret  of  the  protoxide,  or  a  hydrated  protosulphuret  of 
metallic  manganese.  When  heated  in  close  vessels,  it  yields  a  dark 
coloured  sulphuret,  and  water  is  evolved. 

Bed  Oaride.— The  substance  called  red  ^xide  of  manganese,  the 
Bb 
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production,  and  may  be  formed  artificially  by  exposing  the  peroxide 
or  deutoxide  to  a  white  heat,  either  in  close  or  open  vessels.  It  is 
also  produced  by  absorption  of  oxygen  from  the  atmosphere,  wbea 
the  protoxide  is  precipitated  from  its  salts  by  pare  alkalies,  or  when  the 
anhydrous  protoxide  or  carbonate  is  heated  to  redness*  It  is  very 
permanent  in  the  air,  not  passing  to  a  higher  stage  of  oxidation  at  any 
temperature.  '  Its  colour  when  rubbed  to  the  same  degree  of  fineness 
is  brownish-red  when  cold,  and  nearly  black  while  warm.  Fused 
with  borax  or  glass,  it  communicates  a  beautiful  violet  tint,  a  character 
by  which  manganese  may  be  easily  detected  before  the  blowpit>e  ;. 
and  it  is  the  cause  of  the  rich  colour  of  the  amethyst.  It  is  acted  on 
by  strong  sulphuric  and  muriatic  acids,  with  the  aid  of  heat,  in  the 
same  manner  as  the  peroxide  and  deutoxide,  but  of  course  yields 
proportionally  a  smaller  quantity  of  oxygen  and  chloride  eases.  By 
cold  concentrated  sulphuric  acid,  it  is  dissolved  in  small  quantity, 
without  appreciable  disengagement  of  oxygen  gas,  and  the  sohitioo 
is  promoted  by  a  slight  increase  of  temperature.  The  liquid  has  an 
amethyst  tint,  which  disappears  when  heat  is  applied,  or  by  the  actiom 
of  deoxidizing  substances,  such  as  protomuriate  of  tin,  or  nitrous^ 
sulphurous,  and  phosphorous  acids,  protosulphate  of  manganese- being 
generated.    The  pink  colour  which  the  salts  of  manganese  generally 

SDSsess,  is  owhig  to  the  presence  of  a  small  quanti^  of  red  oxide. 
y  strong  nitric  acid,  or  when  boiled  with  dilute  sulphuric  acid,  it 
undergoes  the  same  kind  of  change  as  the  deutoxide. 

The  red  oxide  of  manganese  contains  more  oxygen  than  the  pro* 
toxide  and  less  than  the  deutoxide.  Its  elements  are  in  such  proper- 
tion,  that  it  may  be  regarded  as  a  compound  either  of 

Deut6x!de    80  or  two  equiv.  ^  q-  J  Peroxide  44  or  one  equiv. 
Protoxide     36  or  one  equiv.  5      (  Protoxide  72  or  two  equiv. 
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It  contains  27.586  per  cent  of  oxygen,  and  loses  6.896  per  ceht  of 
oxygen,  when  converted  into  the  green  oxide. 

It  has  been  inferred  from  some  experiments  of  Berzelius  and  Joho) 
that  there  are  two  other  oxides  of  manganese,  which  contain  less 
oxygen  than  the  green  or  protoxide.  We  have  no  proof,  however, 
of  the  existence  of  such  compounds. 

Manganese  is  one  of  those  metals  which  is  capable  of  forming  an 
acid  with  oxygen.  When  the  peroxide  of  manganese  is  mixed  with 
an  equal  weight  of  nitre  or  carbonate  of  potassa,  and  the  mixture  is 
exposed  to  a  red  heat,  a  green- coloured  fused  mass  is  formed,  whidi 
has  been  long  known  under  the  name  of  mineral  chameleon.  On 
putting  this  substance  into  water,  a  green  solution  is  obtained,  the 
colour  of  which  soon  passes  into  blue,  purple,  and  red ;  and  ultimately^ 
a  brown  flocculent  matter,  the  red  oxide  of  manganeses-subsides,  and 
the  liquid  becomes  colourless.  These  changes  take  place  more  rapidly 
bv  dilution,  or  by  employing  hot  water.-  We  are  indebted  to  MM. 
Cfhevillot  and  £d wards  for  a  consistent  explanation  of  these  pbeno* 
mena*.  They  demonstrated  that  the  peroxide  of  manganese,  when 
fused  with  potassa,  absorbs  oxygen  from  the  atmosphere,  and  is  thereby 
converted  into  an  acid,  the  manganesic,  which  unites  with  the  alkali. 
They  attributed  the  different  changes  of  colour  above  mentioned  to 
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the  combinfttion  of  this  add  with  different  proportioDB  of  potassa.  By 
evaporating  the  red  solution  rapidly,  they  succeeded  in  obtaining  a 
inaneanesiate  of  potassa  in  the  form  of  smalt  prismatic  crystals  of  a 
purple  colour.  This  salt  yields  oxygen  to  combustible  substances 
with  great  facility,  and  detonates  powerfully  with  phosphorus.  It  is 
decomposed  when  in  solution  by  very  slight  causes,  being  converted 
into  the  red  oxide  of  manganese. 

The  subsequent  researches  of  Dr  Forchhammer  render  it  probable 
that  the  green  and  red  colours  are  produced  by  two  distinct  acids,  the 
manganeseous  and  manganesic,  the  former  giving  rise  to  the  green, 
and  the  latter  to  the  red  tint.  He  succeeded  in  formine  a  solution  of 
manganesic  acid  in  the  following  manner.  A  mixture  of  the  nitrate  of 
baryta  was  heated  with  peroxide  of  manganese,  by  which  metula  the 
manganesite  Of  baryta  was  generated ;  and  to  this  salt,  after  having 

'  been  wfell  washed  with  water,  a  quantity  of  dilute  sulphuric  acid  was 
added,  precisely  sufficient  for  combining  with  its  base.  The  manga- 
neseous acid,  at  the  moment  of  being  set  free,  resolved  itself  into  the 
deutoxide  of  manganese  and  manganesic  apid,  and  the  latter,  dissolving 
in  the  water,  formed  a  beautiful  red  solution.  Dr  Forchhammer  infers  i 
from  his  analysis  of  these  compounds,  that  the  manganeseous  acid 
contains  three  and  the  manganesic  four  atoms  of  oxygen  united  with 
one  atom  of  manganese.  (Annals  of  Philosophy,  vol.  xvi.) 

Chloride  of  Manganese. — This  compound  is  best  prepared  by  eva- 
porating a  solution  of  muriate  of  manganese  to  dryness  by  a  gentle 
heat,  and  heating  the  residue  to  redness  in  a  glass  tube,  while  a  cur- 
rent of  muriatic  acid  gas  is  transmitted  through  it.  The  heat  of  a  spirit 
lamp  is  sufficient  for  the  purpose*  It  fuses  readily  at  a  red  heat,  and 
forms  a  pink-coloured  lamellated  mass  on  cooling.  It  is  deliquescent; 
and  of  course  very  soluble  in  water,  being  converted  by  that  fluid,  with 
evolution  of  caloric,  into  muriate  of  manganese.    It  is  composed  of 

.  28  parts  or  one  equivalent  of  ^manganese,  and  36  parts  or  one  equiva- 
lent of  chlorine. 

A  new  chloride  of  manganese,  remarkable  for  its  volatility,  has  lately 
been  described  by  M.  Dumas.  (Edinburgh  Journal  of  Science,  No.  zv. 
179.)  It  is  readily  formed  by  putting  a  solution  of  manganesic  into 
strong  sulphuric  acia,  and  then  adding  fused  sea- salt.  The  muriatic 
and  manganesic  acids  mutually  decompose  each  other ;  water  and  per- 

'  chloride  of  manganese  are  generated,  and  the  latter  escapes  in  the  form 
of  vapour.  The  best  mode  of  preparation  is  to  form  the  common  green 
mineral  chameleon,  and  conveft  it  into  red  by  means  of  sulphuric  acid. 
The  solution,  when  evaporated,  leaves  a  residue  of  sulphate  and  man- 
ganes^ite  of  potassa.  This  mixture,  treated  by  strong  sulphuric  acid, 
yields  a  solution  of  manganesic  acid,  intd  which  are  added  small  frag- 
ments of  sea-salt,  as  long  as  coloured  vapour  continues  to  be  evolved. 
The  new  chloride,  when  first  formed,  appears  as  a  vapour  of  a  cop- 
per or  greenish  colour ;  but  on  traversing  a  glass  tube  cooled  to  5? 
or  -^4°  F,  it  is  condensed  into  a  greenish- brown  coloured  liquid. 
When  generated  in  a  capacious  tube,  its  vapour  gradually  displaces 
the  air,  and  soon  fills  the  tube.  If  it  is  then  poured  into  a  large  flask, 
the  sides  of  which  are  moist,  the  colour  of  the  vapour  chanees  in- 
stantly on  coming  into  contact  with  the  moisture,  a  dense  smoke  of  a 
pretty  rose  tint  appears,  and  muriatic  and  manganesic  acids  are  gene- 
rated. From  this  it  is  manifest,  that  the  new  chloride  is  proportional 
to  manganesic  acid;  that  is,  when  its  chlorine  unites  with  hydrogen, 
the  oxygen  Required  to  constitute  water  with  that  hydrogen  exactly 
suffices  for  forming  manganesic  acid  with  the  manganese.    It  is  hence 
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foppoffed  to  consist  of -28  paiis  or  one  equiftlent  of  manganese,  and 
144  parts  or  four  eqoi?aIents  of  chlorine. 

Fluoride  of  Mat^anese.—A  gaseous  compound  of  fluorine  and 
manganese  has  been  lately  discovered  by  M'.  Dumas  and  Dt  Wofaier. 
(Ediobofgh  Journal  of  Science,  No.  zTiii.)  It  is  best  formed  by  mix- 
ing common  mineral  chameleon  with  half  its  weight  of  floor  spar,  and 
decomposine  the  mixture  in  a  platinum  Teasel  by  fuming  sulphuric 
acid.  The  fluoride  is  then  disengaged  in  the  foim  of  a  greenish-yellow 
gas  or  vapour,  of  a  more  hitensely  yellow  tint  than  chlorine.  When 
mixed  with  atmospheric  air,  it  instantly  acquires  a  beautiful  purple^red 
celour ;  and  is  freely  absorbed  by  water,  yielding  a  solution  of  the  sam« 
ted  tint.  It  acts  instantly  on  gh»s,  with  formation  of  fluosilleie  acid 
gas,  a  brown  matter  being  at  flie  same  time  deposited,  which  becomes 
of  a  deep  purple-red  tint  on  the  addition  of  water. 

From  the  experiments  of  Dr  Wohler,  this  yellow  gas  may  be  infer-* 
red  to  be  a  fluoride  of  manganese ;  that  when  mixed  with  water  both 
compounds  are  decomposed,  and  hydrofluoric  and  manganesic  acids 
generated,  which  are  dissolved ;  that  a  similar  formation  of  the  two 
acids  ensues  from  the  admixture  of  the  yellow  gas  with  atmospheric 
air,  owhig  to  the  moisture  contained  in  the  hitter;  and  that  by  con- 
tact with  glass,  fluo-silicic  acid  g^s  is  produced,  and  anhydrous  man- 
ganesic acid  deposited.  In  consequence  of  its  acting  so  powerfolly  on 
glass,  its  other  properties  have  not  been  ascertained ;  but  from  those 
above  mentioned,  its  composition  is  obviously  similar  to  that  ci  the 
gaseous  chloride  of  manganese.  It  hence  consists  of  one  equivalent 
of  manganese,  and  four  equivalents  of  fluorine. 

The  protosulphuret  of  manganese  may  be  procured  by  igniting  the 
Mdiphate  with  one-sixth  of  its  weight  of  charcoal  in  powder.  (Berthier.) 
It  is  also  fosmed  by  the  action  of  sulphuretted  hydrogen  on  the  pro- 
tosulphale'at  a  red  heat.  (Arfwedson  in  An.  of  Phil.  vol.  vii.  N.  S.) 
It  occurs  native  in  Cornwall  and  at  Nagyag  in  Transylvania.  It  die^ 
solves  completely  in  dilute  sulphuric  or  muriatic  acid,  with  disengage* 
tnent  of  veiy  pure  sulphuretted  hydrogen  gas. 


SECTION  XII. 

Iron  has  a  peculiar  gray  colour,  and  strong  metallic  lustre,  which  is 
susceptible  of  being  heightened  by  polishing.  In  ductility  and  mal- 
leability, it  is  inferior  to  several  metals,  but  exceeds  them  all  in  tena- 
city. (Page  266.)  At  common  temperatures,  it  is  very  hard  and 
unyielding,  and  its  hardness  may  be  increased  by  being  heated  and 
then  suddenly  cooled;  but  it  is  at  the  same  time  rendered  brittle. 
When  heated  to  redness,  it  is  remarkably  soft  and  pliable,  so  that  It 
may  be  beaten  into  any  form,  or  be  intimately  incorporated  or  welded 
with  another  piece  of  red-hot  iron  by  hammering.  Its  texture  Is 
fibrous,  and  its  specific  gravity  7.78.  In  its  pure  state,  it  is  exceed- 
iDgly  infusible,  requiring  for  fusion  a  temperature  of  158**  of  Wedg- 
wood's pyrometer.  It  is  attracted  by  the  magnet,  and  may  itself  be 
rendered  permanently  magnetic  by  several  processes; — &  property  of 
great  interest  and  importance,  and  which  is  possessed  by  no  other 
metal  excepting  cobalt  and  nickel. 
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The  occarrence  of  pure  native  iron  is  very  rare,  and  most  of  the 
specimens  said  to  be  such,  have  not  been  well  attested.  It  has  been 
found  filling  a  vein  in  a  mass  of  mica  slate  by  Major  Burrall  on  Canaan 
Mountain,  Connecticut,  in  North  America.  (Edin.  Pbilos.  Journal  for 
October  1827,  p.  154.)  The  iron  of  meteoric  origin  is  impure  ;  for  all 
the  masses  hitherto  examined  contain  nickel  and  cobalt.  (Stromeyer.) 
Metallic  iron  is  easily  procured  by  heating  the  native  oxide  with  char- 
coal^ but  when  thus  obtained,  it  is  never  quite  free  from  carbonaceous 
matter.  The  only  method  of  preparing  iron  absolutely  pure,  is  by 
passine  dry  hydrogen  gas  over  the  pure  oxide,  heated  to  redness  in  a 
tube  of  porcelain. 

Iron  has  a  strong  affinity  for  oxygen.  In  a  perfectly  dry  atmosphere, 
it  undergoes  hardly  any  change  ;  but  when  moisture  is  likewise  pre- 
sent, it  oxidizes  or  nuts  in  the  course  of  a  few  days.  Heated  to  red- 
ness in  the  open  air,  it  absorbs  oxygen  rapidly,  and  is  converted  into 
black  scales,  called  the  black  oxide  of  iron ;  and  in  an  atmosphere  of 
Qxygen  gas,  it  bums  with  vivid  scintillations.  It  decomposes  the 
vapour  of  water,  by  uniting  with  its  oxygen,  at  all  temperatures,  from 
a  dull  red  to  a  white  heat ;  a  singular  fact  when  it  is  considered,  that 
at  the  very  same  temperature,  the  oxides  of  iron  are  reduced  to  the 
metallic  state  by  hydrogen  gas.  (Gay-Lussac  in  An.  de  Ch.  et  de 
Physique,  i.  36i.) 

Oxides  of  Iron. 

Iron  combines  with  oxygen  in  two  proportions  only,  forming  the 
blue  or  protoxide,  and  the  red  or  peroxide  of  iron.  Both  these  com- 
pounds are  capable  of  yielding  regular  crystallizable  salts  with  acids. 

Protoxide. — This  oxide  is  the  base  of  &e  native  carbonate  of  iron, 
and  of  the  green  vitriol  of  commerce.  Its  existence  was  inferred  some 
years  ago  by  Gajr'Lmsac,  (An.  de  Ch.  Vol.  Ixxx;)  but  Stromeyer  first 
obtained  it  in  an  insulated  form  by  transmitting  dry  hydrogen  gas  over 
the  peroxide  of  iron  at  a  very  low  temperature.  (Edinburgh  Xoumal' 
ofScience,  No.  X.) 

The  protoxide  of  iron  has  a  dark  blue  colour,  and  when  melted  with 
vitreous  substances  communicates  to  them  a  tint  of  blue.  It  is  attract- 
ed by  the  magnet,  though  less  powerfully  than  metallic  iron.  It  is  ex- 
ceedingly combustible;  for  when  fully  exposed  to  air  at  common  tem- 
peratures, it  suddenly  takes  fire  and  burns  vividly,  being  reconverted 
into  the  peroxide.  Its  salts,  particularly  when  in  solution,  absorb 
oxygen  from  the  atmosphere  with  such  rapidity,  that  they  may  even 
be  employed  in  eudiometry.  This  protoxide  is  always  formed  with 
evolution  of  hydrogen  gas,  when  metallic  iron  is  put  into  dilute  sul- 
phuric or  muriatic  acid ;  and  its  composition  may  be  determined  by 
collecting  and  measuring  the  gas.  which  is  disengaged.  According  to 
Gay-Lussac,  it  is  compdsed  of  8  parts  of  oxygen,  and  28.3  psMrts  of 
iron  ;'but  Dr  Thomfion  infers  from  an  analysis  of  the  protosulphate  of 
iron,  that  the  quantity  of  iron  united  with  8  parts  of  oxygen  is  28  pre* 
cisely.    Th&  atomic  weight  of  the  protoxide  is  therefore  S6. 

The  protoxide  of  iron  is  precipitated  as  a  white  hydrate  by  pura 
alkalies,  as  a  white  carbonate  by  alkaline  carbonates,  and  as  a  white 
ferrocyanate  by  ferrocyanate  of  potassa.  The  two  former  precipitates 
become  first  green  and  then  red,  and  the  latter,  green  and  blue  by  ex- 
posure to  the  air*  The  solution  of  gall-nuts  produces  no  change  of 
colour.  Sulphuretted  hydrogen  does  not  act,  if  the  protoxide  is  uni* 
ted  with  any  of  the  stronger  acids ;  but  the  alkaline  hydrosulphure^ 
cause  a  black  precipitate,  the  protosulphuret  of  iron. 
B  b  2 
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Per0jnde.-*-Tli6  rad  or  pefoiide  if  a  natural  prodmt,  known  to  mi- 
nenJogists  under  the  name  of  red  hematite.  It  semotimee  ocenra 
maMve,  at  other  times  fibreiM,  and  occasionally  in  the  form  of  beautf- 
ful  rhomboidal  crystals.  It  may  be  made  chemically  by  dIssoWing 
iron  in  nitro«muriatic  add,  and  adding  an  alkali.  The  hydrate  of  thn 
red  oxide  of  a  brownish-red  colour  subsides,  which  is  identieal  in  conn 
position  with  the  mineral  called  brown  hematite,  and  consists  of  40 
parts  or  one  equivalent  of  the  peroxide,  and  9  parts  or  one  equivalent 
of  water. 

The  peroxide  of  iron  is  not  attracted  by  the  magnet.  Fused  with 
'  vitreous  substances,  it  communicates  to  them  a  red  or  yellow  colour. 
It  combines  with  most  of  the  acids,  forming  salts,  the  greater  number 
of  which  are  red.  Its  presence  may  be  detected  by  very  deeis&va 
tests.  The  pure  alkalies,  fixed  or  volatile,  precipitate  it  as  the  fay* 
diate.  The  alkaline  carbonates  have  a  similar  cflect,  for  the  peroxide  of 
iron  does  not  form  a  permanent  salt  with  carbonic  acid.  With  ferro- 
cyanate  of  potassa,  it  forms  Prussian  blue,  the  ferroeyanate  of  the  per« 
oxide  of  iron.  The  sulphocyanate  of  potassa  causes  a  deep  blood-red, 
and  infusion  of  gall-nuts,  a  black  colour.  Sulphuretted  hydrogen 
converts  the  peroxide  into  the  protoxide  of  iron,  and  deposition  of 
sulphur  takes  place  at  the  same  time.  These  reagents,  and  especially 
the  ferroeyanate  and  sulphocyanate  of  potassa,  afford  an  unerring  test 
of  the  presence  of  minute  quantities  of  the  peroxide  of  iron.  On  this 
account  it  is  customary,  in  testing  for  iron,  to  convert  it  into  the  per* 
^  oxide,  which  is  ^ily  effected  by  boiling  the  solution  with  a  small 
quantity  of  nitric  add. 

Tlie  researches  of  several  chemists,  such  as  Gay-Lossac,  Borzelius, 
Bucholz,  and  Thomson,  leave  no  doubt  that  the  oxygen  contained  in 
the  blue  and  red  oxides  of  iron  is  in  the  ratio  of  one  to  one  and  a  half. 
Consequently,  the  peroxide  consists  of  28  paita  or  one  equivalent  of 
iron,  and  12  parts  or  an  equivalent  and  a  half  of  oxygen. 

£laek  Osrufe.— This  substance,  long  supposed  to  be  the  protoxide 
of  iron,  contains  more  oxygen  than  the  blue,  and  less  than  the  red 
oxide.  It  cannot  be  regarded  as  a  definite  compound  of  iron  and  oxy« 
gen ;  but  is  composed  of  the  two  real  oxkles,  united  in  a  proportion 
which  is  by  no  means  constant..  It  occurs  native,  frequently  crystaUiz« 
ed  in  the  form  of  a  regular  octahedron,  which  is  not  onlv  attracted  by 
tiie  msgnet,  but  is  itself  sometimes  magnetic.  It  is  always  formed 
when  iron  is  heated  to  redness  in  the  open  air;  and  is  likewise  geneiat* 
ed  by  the  contact  of  watery  vapour  with  iron  at  elevated  temperatures. 
The  composition  of  the  product,  however,  varies  with  the  duratiott  of 
the  process  and  the  temperature  which  is  employed.  Thus,  according 
to  Bucholz,  Berzelius,  and  Thomson,  100  parts  of  iron,  when  oxidized 
by  steam,  unite  with  neariy  30  of  oxygen ;  whereas  in^  a  similar  ex- 
periment performed  by  Gay-Lussac,  87.8  parts  of  oxygen  were  ah* 
sorbed.  The  oxide  of  Gay-Lussac  may  be  regarded  as  a  compound 
of  one  equivalent  of  the  protoxide  and  two  equivalents  of  the  peroxide ; 
and  Berzelius  is  of  opinion  that  the  composition  of  magnetic  iron  ore 
is  similar.  M.  Mosander  sUtes,  that  on  heating  a  bar  of  iron  in  the  open 
ah-,  the  outer  layer  of  the  scales  contams  a  greater  quantity  of  peroxide 
*  than  the  inner  layer.  The  former  consists  of  one  equivalent  of  per* 
oxide  to  two  of  the  protoxide,  an  in  the  latter  are  contained  one  eqoi* 
valent  of  peroxide  to  three  equivalents  of  protoxide.  The  inner  layet 
seems  uniform  in  composition ;  but  the  enter  is  variafale,  its  more  ex« 
posed  parts  being  richer  in  oxygen. 

The  nature  of  the  black  oxide  is  fnr&er  ehiddaled  by  thaiution  of 
adds.    On  digestbg  the  black  oxide  in  sulpharic  acid^  an  olive-eolov- 
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ed  mliitioii  is  formed*  coBtaming  two  mlts,  flidpbttte  of  (he  peroxide 
and  protoxide,  which  may  be  separated  from  each  other  by  means  of 
alcohol  (Pfoast  and  Gay-Lussac.)  These  mixed  salts  gtre  ereen  pre- 
cipttates  with  allralies,  aad  a  very  deep  bhie  ink  with  an  infusion  of  gall- 
nnti.  The  black  oxade  of  iron  is  the  cause  of  the  dull  green  colour  of 
bottle  glass. 

Chlorides  of  ir(m.<— Chlorine  unites  in  two  proportions  with  iron, 
formifig  compounds  which  were  described  in  1812  bj  Dr  John  Davy. 
The  protochloride  is  made  by  evaporating  a  solution  of  the  proto- 
mnriate  to  dryness,  and  heating  it  to  redness  in  a  glass  tube  from 
whdch  the  air  is  excluded.  The  resulting  chloride  has  a  gray  colour, 
a  lamellated  texture,  and  metallic  lustre.  It  is  composed  of  one  pro- 
portional of  each  element,  and  is  converted  by  water  into  the  prbto- 
niBriate  of  iron. 

The  perchloride  is  formed  by  burning  iron  wire  In  an  atmosphere  of 
cUoriae.  It  Is  of  a  bright  yellowish-brown  colour,  crystallizes  in  small 
iridescent  plates,  and  is  volatile  at  a  temperature  a  little  above  212''  F. 
It  consists  of  one  equivalent  of  iron  and  an  equivalent  and  a  half  of 
chlorine,  and  forms  with  water  a  red-coloured  solution,  which  is  the 
permuriate  of  Iron. 

An  iodide  of  iron  may  be  formed  by  heating  iron  in*the  vapour  of 
iodine.    It  is  converted  by  water  into  the  hydriodate. 

Sulphurets  0//ron.— There  are  two  compounds  of  Iron  and  sulphur, 
both  of  which  are  natural  products.  The  protosulphuret  is  the  mag- 
netic iron  pyrites  of  mineralogists.  It  is  a  brittle  yellow  substance,  of 
a  metallic  lustre,  and  is  feebly  attracted  by  the  magnet.  By  exposure 
to  air  and  moisture,  it  is  gradually  converted  into  the  protosulphate  of 
iroflu  It  may  be  made  artificially  by  igniting  the  protosulphate  of  iron 
wHh  charcoal;  or  still  more  conveniently  by  heating  a  mixture  of  iron 
filings  and  sulphuf.  (Page  244.)  It  is  dissolved  completely  and  rea- 
dily by  dilute  sulphuric  or  muriatic  add,  with  disengagement  of  sul- 
phuretted hydrogen. .  It  is  composed  of  28  parts  or  one  equivalent  of 
Iron,  and  16  parts  or  one  equivalent  of  sulphur. 

The  biscdphuret,  which  contains  firo  equivalents  of  sulphur,  is  the 
common  iron  pyrites.  When  heated  to  redness,  it  loses  half  its  sul- 
phur, and  is  converted  into  the  protosulphuret.  It  is  insoluble  in  sul- 
furic and  muriatic  acid. 

Phoaphuret  of  Iron. — This  compound  may  be  formed  by  heating  the 
l^hospbate  of  iron  with  charcoal.  It  is  sometimes  contamed  in  metallic 
iron,  to  the  properties  of  which  it  is  exceedingly  injurious,  by  causing 
it  to  be  brittle  at  common  temperatures. 

Carffurete  of  Iron. — Carbon  and  iron  unite  in  very  various  propor- 
tions ;  but  there  are  four  compounds  which  are  distinct  from  one  an-, 
other,  namely,  cast  or  pig  iron,  steel,  cast  steel,  and  graphite  or  plum- 
bago. 

The  native  oxides  of  iron,  which  commonly  contain  areilaceous  and 
siliceous  substances,  are  reduced  to  the  metallic  state  by  the  action 
of  coke  or  charcoal  and  lime  at  a  high  temperature.  The  oxygen  of 
the  oxide  of  irpn  unites  with  one  portion  of  carbon,  and  the  metd  with 
another,  yielding  carbonic  acid  and  carburet  of  iron ;  while  the  earthy 
substances  together  with  a  little  oxide  of  iron  enter  into  combination, 
foiming  a  vitreous  substance  called  slag,  which  rises  to  the  surface.  ^ 
The  fused  carburet  is  then  drawn  off  by  an  aperture  at  die  bottom  of ' 
the  furnace,  and  received  in  hollows  or  moulds  made  with  sand.  In 
this  state,  it  is  neither  ductile  nor  malleable,  but  very  brittle ;  and  fuses 
tf ith  aoch  facility  at  a  red  heat  that  it  cannot  be  welded.  It  is  highly 
cfystalliDe,  and  its  texture  is  granular.  It  contains  about  l-4Sd  of  its 
weight  of  carbon,  together  with  small  quantities  of  maDganese»  cal- 
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ciuiOy  sUiciom,  ao<l|»robably  aluminiam ;  an  J  besides  these  substanees, 
which  are  chemically  combloed  with  the  iroD,  particles  of  charcoal, 
earthy  matters,  and  unreduced  ore,  are  frequently  inclosed  within  it. 

Cast  iron  is  converted  into  malleable  iron  by  exposure^-  in  a  rever- 
beratory  furnace,  to  the  combined  action  of  air  and  intense  heat. 
During  this  process  all  the  undecomposed  ore  is  reduced,  earthy  mat* 
ters  rise  to  the  surface  as  slag,  and  the  carbon  is  oxidized.  As  the 
purity  of  the  iron  increases,  its  fusibility  diminishes,  until  at  length, 
though  the  temperature  remains  thesame,  the  iron  becomes  solid.  It 
is  then  subjected,  while  still  hot,  to  the  operation  of  rolling  or  ham- 
mering, by  which  its  particles  are  approximated.  The  metal,  thus 
procured,  is  no  longer  a  carburet,  but  is  the  purest  iron  of  commerce. 
It  is  not,  however,  absolutely  pure ;  for  Berzelius  has  detected  in  it 
about  one-half  per  cent  of  carbon,  and  it  likewise  appears  to  contain 
«ilicium.  jf 

Steel  is  made  by  exposing  ban  of  the  purest  malleable  iron,  sur* 
rounded  with  charcoal  in  powder,  to  a  long- Continued  red  heat.  Du- 
rine  this  process,  the  iron  unites  with  about  1- 160th  of  its  weight  of 
carbon,  and  acquires  new  properties.  In  ductility  and  malleability,  it 
is  far  inferior  to  iron ;  but  exceeds  it  greatly  in  hardness,  sonorousness, 
and  elasticity f  Its  texture  is  more  compact  than  that  of  iron,  and  it  is 
susceptible  of  a  far  higher  polish.  It  bears  a  strong  red  heat  without 
entering  into  fusion,  and  may  be  welded  with  iron.  When  combined 
with  an  additional  quantity  of  carbon,  it  forms  cast  steel.  In  this 
stale,  it  is  harder  and  more  elastic,  has  a  closer  texture,  and  receiyee 
a  higher  polish  than  common  steel.  It  is  so  fusible,  however,  that  it 
cannot  be  welded. 

Steel  differs  chemically  from  cast  iron  in  being  composed  of  purer 
iron,  and  in  containing  a  smaller  proportion  of  carbon.  It  is  readily 
distinguished  from  maUeable  iron  by  the  action  of  an  acid.  When  a 
drop  of  dilute  muriatic  acid  is  placed  on  steel,  a  black  spot  appears,  in  - 
consequence  of  a  portion  of  iron  being  dissolved,  while  the  charcoal 
is  left. 

Graphite,  more  commonly  kno4f  n  under  the  name  of  plumbago  or 
black  lead,  is  a  native  carburet  of  iron,  which  contains  95  per  cent  of 
carbon.  It  is  unchangeable  in  the  air,  and  like  pure  charcoal  is  at- 
tacked with  diflSculty  by  chemical  substances.  It  has  an  iron-gray 
colour,  metallic  lustre,  and  granular  texture.  '  Its  chief  use  is  in  making 
pencils  and  crucibles,  and  m  burnishing  iron  to  protect  it  from  rust. 


SECTION  XIII. 

ZWC—CJIDMIUM. 

Zinc, 

The  zinc  of  commerce,  sometimes  called  spelter,  is  obtained  either 
liroQx  calamine  the  native  carbonate  of  zinc,  or  from  the  native  sulphu- 
ret,  the  zine  blende  of  mineralogists.  It  is  procured  from  the  former 
by  heat  and  carbonaceous  matters;  and  from  the  latter  by  a  similar 

S recess  after  the  ore  has  been  previously  oxidized  by  roasting,  that 
I*  by  exposure  to  the  idx  at  a  bw  red  heat.    When  first  extracted 
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from  its  ores,  it  If  never  qoiie  {Hire ;  but  comtaias  cbarcoti,  milpbiir,  and 
seTeral  metals  in  small  quantity.  It  may  be  freed  from  tbese  impuri* 
ties  by  (TiBtillation,— by  exposing  it  to  a  wbhs  beat  in  ui  e«rthem  re- 
tort, to  wbich  a  receiver  full  of  water  is  adapted. 

Zinc  has  a  strong  metallic  lustre,  and  a  bluisli-wbite  colour.  Its 
texture  is  lamellated,  and  its  density  about  7.  It  is  a  bard  metal,  be- 
ing acted  on  by  the  file  with  difflcalty.  At  low  or  high  degrees  of 
heat  it  is  brittle;  but  at  temperatures  between  210^  and  300°  F,  it  is 
both  malleable  and  ductiie,  a  property  which  enables  zinc  to  be  rolled 
or  hammered  into  sheets  of  considerable  thinness.  It  fuses  at  680°  F, 
and  when  slowly  cooled  assumes  regular  forms.  £^>osed  in  close 
vessels  to  a  white  heat,  it  sublimes  unchanged. 

Zinc  undergoes  little  change  by  the  action  of  air  and  moisture. 
When  fused  in  open  vessels,  it  absorbs  oxygen,  and  forms  the  white 
oxide,  called  flowers  of  zinc  Heated  to  Uill  .ledness  in  a  covered 
crucible,  it  bursts  into  flame  as  soon  as  the  cover  is  removed^  and 
bums  with  a  brilliant  white  light.  The  combustion  ensues  with  such 
violence,  that  the  oxide  as  it  is  formed  is  mechanically  carried  up  into 
the  air.  Zinc  is  readily  oxidized  by  dilute  sulphuric  or  rauriatie  acid, 
and  the  hydrogen  which  is  evolved  contains  a  small  quantity  of  me- 
tallic zinc  hi  combination. 

Oxide  qf  Zinc.— Chemists  are  acquainted  with  one  compoimd 
only  of  zinc  and  oxygen,  and  this  oxide  is  formed  under  all  the  cir- 
cumstances just  mentioned.  At  common  temperatures  it  is  white ; 
but  when  heated  to  low  redness,  it  assumes  a  yellow  colour,  wbidi 
gradually  disappears  on  cooling.  It  is  quite  fixed  in  the  fire.  It  is 
insoluble  in  water,  and  therefore  does  not  affect  the  blue  colour  of 
plants ;  but  it  is  a  strong  salifiable  base,  forming  regular  salts  with 
acids,  most  of  which  are  colourless.  It  combines  alw  with  some  of 
the  alkalies.  According  to  the  analysis  of  Dr  Tliomson,  it  is  com- 
posed of 

Zinc         .         84         .         .         one  equivalent. 
Oxygen    .  8         •         •         one  equivalent* 

And  hence  42  is  its  combuiing  proportion. 

The  presence  of  zinc  is  easily  recognised  by  the  following  charae* 
ter8.-^The  oxide  is  precipitated  from  its  solutions  as  a  white  hydrate 
b^  pure  potassa  or  ammonia,  and  as  carbonate  by  earbonate  of  ammo- 
nia, but  is  completely  redissolved  by  an  excess  of  the  precipitant 
The  fixed  alkaline  carbonates  precipitate  it  permanently  as  white  car- 
bonate of  zinc.  Hydrosulphuret  of  ammonia  causes  a  white  precipi- 
tate, which  is  either  a  hydrosulphuret  of  the  oxide  of  zinc,  or  a  hy- 
dratcd  sulphuret  of  the  metal.  Sulphuretted  hydrogen  acts  in  a  simi- 
lar manner,  if  the  solution  is  qmte  neutral ;  but  it  has  no  effect  If  an 
excess  of  any  strong  acid  is  present. 

^  The  Chloride  or  £utter  of  Zinc  was  made  by  Dr  J.  Davy  by  eva- 
porating the  muriate  to  dryness,  and  then  heating  it  to  redness  ia  ft 
elass  tube.  It  deliquesces  on  exposure  to  the  air,  being  recoavetted 
into  a  muriate.  It  is  composed  of  one  equivalent  of  chlorine  and  OM 
equivalent  of  zinc. 

The  native  sulphuret  of  zinc,  or  zinc  blende,  is  firequeatly  foiiad  in 
dodecahedrai  crystals,  or  in  forms  allied  to  the  dodecahedron.  Its 
structure  is  lamellated,  its  lustre  adamantine,  and  its  colour  variabW. 
being  sometimes  yellow,  red,  brown,  or  black.  It  may.  be  made  Urti* 
ficially  by  heating  to  redness  a  mixture  of  oxide  of  zinc  and  sulphur, 
by  decomposing  sulphate  of  zinc  by  charcoal,  or  by  drying  the  white 
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preeipitate  obtained  on  adding  bydrosulphuret  of  ammonia  to  a  salt  of 
zinc.  ' 

Sulpliaretof  zinc  is  composed  of  one  proportional  of  each  of  its 
constituents,  and  is  dissolved  with  disengagement  of  sulphuretted  hy- 
drogen gas  by  dilute  muriatic  or  sulphuric  acid. 

Cadmium. 

Cadmium  was  discovered  in  the  year  1817  by  Stromeyer  in  an  ox- 
ide of  zinc  which  bad  been  prepared  for  medical  purposes*;  and  he  has 
since  found  it  in  several  <^  the  ores  of  that  metal,  especially  in  a  radi- 
ated blende  from  Bohemia  which  contains  about  .five  per  cent  of  cad- 
mium. The  late  Dr  Clarke  detected  its  existence  in  some  of  tlie 
zinc  ores  of  Derbyshire,  and  in  the  common  zinc  of  commerce.  Mr 
Herapath  has  found  it  in  considerable  quantity  in  the  zinc  works  neat 
Bristolf.  During  the  reduction  of  calamine  by  coal,  the  cadmium^- 
which  is  very  volatile,  flies  off  in  vapour,  mixed  with  soot  and  some 
oxide  of  zinc,  and  collects  in  the  roof  of  the  vault,  just  above  the  tube 
leading  from  the  crucible.  Some  portions  of  this  substance  yielded 
from  twelve  to  twenty  per  cent  of  cadmium. 

The  process  by  which  Stromeyer  separates  cadmium  from  zinc  or 
other  metals  is  the  following.  The  ore  of  cadmium  is  dissolved  in  di- 
lute sulphuric  or  muriatic  acid,  and  after  adding  a  portion  of  free  acid, 
a  current  of  sulphuretted  hydrogen  gas  is  transmitted]  through  the 
liquid,  by  means  of  w^ich  the  cadmium  is  precipitated  as  sulphuret, 
while  the  zinc  continues  in  solution.  The  sylphuret  of  cadmium  is 
then  decomposed  by  nitric  acid,  and  the  solution  evaporated  to  dry- 
ness. The  dry  nitrate  of  cadmium  is  dissolved  in  water,  and  an  ex- 
cess of  carbonate  of  ammonia  added.  The  white  carbonate  of  cad- 
mium subsides,  which,  when  heated  to  redness,  yields  a  pure  oxide. 
By  mixing  this  oxide  with  charcoal,  and  exposing  the  mixture  to  a 
red  heat,  metallic  cadmium  is  sublimed. 

A  very  elegant  process  for  separating  zinc  from  cadmium  was  pro- 
posed by  Dr  WoUaston.  The  solution  of  the  mixed  metals  is  put  into 
a  platinum  capsule,  and  a  piece  of  metallic  zinc  is  placed  in  it.  If 
cadmium  is  present,  it  is  reduced,  and  adheres  so  tenaciously  to  the 
capsule,  that  it  may  be  washed  with  water  without  danger  of  being 
lost.  It  may  then  be  dissolved  either  by  nitric  or  dilute  muriatic 
acid. 

Cadmium,  in  colour  and  lustre,  has  a  strong  resemblance  to  tin,  but 
is  somewhat  harder  and  more  tenacious.  It  is  very  ductile  and 
malleable.  Its  specific  gravity  is  8.604  before  being  hammered,  and 
8.694  afterwards.  It  melts  at  about  the  same  temperature  as  tin,  and 
is  neariy  as  volatile  as  mercury,  condensing  like  it  into  globules  which 
have  a  metallic  lustre.    Its  vapour  has  no  odour. 

When  heated  in  the  open  air,  it  absorbs  oxygen,  and  is  converted 
into  an  oxide.  Cadmium  is  readily  oxidized  and  dissolved  by  nitric 
acid,  which  is  its  proper  solvent.  Sulphuric  and  muriatic  acids  act 
upon  it  less  easily,  and  the  oxygen  is  then  derived  from  water. 

Cadmium  combines  with  oxygen,  so  far  as  is  yet  known,  in  one 
proportion  only ;  and  this  oxide  is  conveniently  procured  in  a  separate 
state  by  igniting  the  carbonate.  It  has  an  orange  colour,  and  is  fixed 
in  the  fire.  It  is  insoluble  in  water,  and  does  not  change  the  colour 
of  violets ;  but  it  is  a  powerful  salifiable  base,  forming  neutral  salts  with 
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^ids.  This  oxide,  according  to  the  analysis  of  Stromeyer,  is  com* 
posed  of  56  parts  of  cadmium  and  8  parts  of  oxygen.  It  is  of  coarse 
regarded  as  a  compound  of  one  proportional  of  each  element,  and 
consequently  56  is  the  equivalent  of  cadmium. 

The  oxide  of  cadmium  is  precipitated  as  a  white  hydrate  by  pure 
ammonia,  but  is  redissolved  by  excess  of  the  allcali.  It  is  precipitat- 
ed prmanently  by  pure  potassa  as  a  hydrate,  and  by  all  the  alkaline 
carbonates  as  carbonate  of  cadmium. 

The  sulphuret  of  cadmium,  which  occurs  native  in  some  kinds  of 
zinc  blende,  is  easily  procured  by  the  action  of  sulphuretted  hydro- 
gen on  a  salt  of  cadmium.  It  has  a  yellowish-orange  colour,  and  is 
distinguished  from  the  sulphuret  of  arsenic  by  being  insoluble  in  pure 
potassa,  and  by  sustaining  a  white  heat  without  subliming.  It  ie 
composed  of  56  parts  or  one  equivalent  of  cadmium,  and  16  parts  or 
one  equivalent  of  milphur.  (Stromeyer.) 

The  chloride  of  cadmium  may  be  prepared  by  decomposing  the 
muriate  bylieat. 
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The  tin  of  commerce,  known  by  the  names  of  block  and  grain  tm,  ii 
procured iirom  the  native  oxide  by  means  of  heat  and  charcoal.  Thd 
best  grain  tin  is  ali^ost  chemically  pure,  containing,  according  to  Dr 
Thomson,  very  minute  quantities  of  copper  and  iron,  and  occaslonaJly 
of  arsenic. 

Tin  has  a  white  colour,  and  a  lustre  resembling  that  of  silver.  The 
hrilliancy  of  its  surface  is  soon  impaired  by  exposure  to  the  atmos-  . 
pbere,  though  it  is  not  o.xidized  even  by  the  combined  agency  of  air 
and  moisture.  Its  malleability  is  very  considerable ;  for  the  thick- 
ness of  common  tin-foil  does  not  exceed  1-lOOOth  of  an  inch.  In 
ductility  and  tehacity  it  is  Inferior  to  several  metals.  It  is  soft  and 
inelastic,  and  when  bent  backwards  and  forwards,  emits  a  peculiar 
crackling  noise.  Its  specific  gravity  is  about  7.9.  At  442"*  F.  it  fuses, 
and  if  exposed  at  the  same  time  to  the  air,  its  surface  tarnishes,  and  a 
gray  powder  is  formed.  When  heated  to  whiteness,  ft  takes  fire  and 
bums  with  a  white  flame,  being  converted  into  the  peroxide  of  tin. 

Oxides  of  Tm,-^Tin  is  susceptible  of  two  degrees  of  oxidation. 
Both  the  oxides  of  tin  form  salts  by  uniting  with  acids ;  but  they  are 
likewise  capable  of  combining  with  alkalies.  Frotn  data  furnished  by 
the  experiments  of  Berzelius,  Gay-Lussac,  and  Thomson,  these  ox« 
ided  are  inferred  to  be  thus  constituted  :~t 

Tin.  Oxygen, 

Protoxide       68  or  one  equivalent.        8  or  one  equivalent. 
Peroxide        .68         .         .        .         16  or  two  equivalents. 

Thfi  protoxide  is  of  a  gray  colour,  and  is  formed  when  tin  is  kept 
fbr  some  time  in  a  state  of  fusion  in  an  open  vessel.  It  may  also  be 
procured  by  precipitation  from  the  protomurlate  of  tin.  This  salt  is 
made  by  boiling  tin  in 'strong  muriatic  acid,  when  the  metal  is  ox- 
idized by  the  decomposition  of  water;  and  If  atmospheric  air  be 
carefulfy  excluded,  a  pure  protomurlate  results.  From  this  solution 
the  hydrate  of  the  protoxide  may  be  precipitated,  either  by  pure  po- 
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Uan  or  the  earbonAte  of  that  afluli ;  but  an  eicaas  of  tlie  foraMr 
must  be  carefvlly  avoided,  as  otherwise  the  piectpilate  wovAd  be  le- 
diasoUed.  It  it  easeniial  likewise  to  the  auceeis  of  the  proeess,  that 
the  protoxide  should  be  both  washed  and  dried  without  beiuff  exposed 
to  the  air. 

The  protoxide  of  tin  is  remarkable  for  Its  powerful  afiioity  for  esyw 
gen.  When  healed  in  open  vessels,  it  is  converted  into  the  peroxide 
with  evolution  of  heat  and  light  Its  salts  not  only  attract  oxygen 
from  the  air,  but  act  as  powerful  deoxidizing  agents.  Thus  the  pro- 
tomuriate  of  tin  converts  the  peroxide  of  copper  or  iron  into  pro- 
toxides, and  precipitates  silver,  anercury,  and  ptatinum  from  their 
solutions  in  the  metallic  state.  Added  to  a  solution  of  gold,  it  occa* 
sions  a  purple»coloured  precipitate,  the  purple  of  CM€iu»,  which  la 
a  compound  of  the  peroxide  of  tin  and  protoxide  of  gold.  By  thiff 
(character  the  protoxide  of  fin  is  ncogoised  with  eertainty.  It  i9 
thrown  down  l»y  sulphuretted  hydrogen  as  the  black  protosulphuret 
of  tin. 

The  peroxide  of  tin  is  most  conveniently  prepared  by  the  action  of 
nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  concentrated 
state,  does  not  act  easihr  upon  tin ;  but  when  a  small  quantity  of  wa^ 
ter  is  added,  violent  eflervescence  takes  place,  owing  to  the  evolution 
of  nitrous  acid  and  the  deutoxide  of  nitrocen,  and  a  white  powder,  thcf 
hydrated  peroxide  is  produced.  On  edulcorating  this  substance,  and 
heatine  it  to  redness,  watery  vapour  is  expelled,  and  the  pure  perox- 
ide, of  a  straw  yellow  colour,  remains.  In  this  process  ammonia  is 
generated,  a  circumstance  which  proves  water  as  well  as  nitrio  acid 
tp  have  been  decomposed. 

The  peroxide  of  tin  has  a  very  feeble  affinity  for  acids.  With 
nitric  acid  it  does  not  unite  at  all ;  and  as  prepared  by  the  preceding 
method,  it  is  dissolved  by  muriatic  acid,  even  before  being  ignited* 
with  great  difficulty.  The  permuriate  of  tin  may,  however,  be  mrmed 
by  the  action  of  nitro-muriatic  acid  on  metallic  tin,  aided  by  agiantls 
heat.  In  this  manner  is  obtained  the  solution  of  tin  employed  as  a 
mordant  in  d^^eing. 

The  peroxide  of  tin  is  separated  from  its  solution  in  muriatic  acid 
as  a  bulky  hydrate  by>potassa,  ammonia,  or  the  alkaline  carbonates* 
and  the  precipitate  is  easily  and  completely  redissolved  by  the  pure 
fixed  alkali  in  excess.  Sulphuretted  hydrogen  occasltfns  a  yellow 
precipitate,  which  is  either  the  hydrosulphuret  of  the  peroxide  of  tio> 
or  the  bisulphuret  of  the  metal. 

The  peroxide  of  tin,  when  melted  with  gjasa,  forms  white  enamel* 

Chlorides  of  Tin.-^Tm  unites  in  two  proportions  with  chlorine, 
and  the  researches  of  Dr  Davy  leave  no  doubt  of  these  compounds 
being  analogous  in  composition  to  the  oxides  of  tin. 

The  protochloride,  which  consists  of  one  equivalent  of  tin  and  one 
equivalent  of  chlorine,  may  be  made  either  by  evaporating  the  mu^- 
riate  of  the  protoxide  to  dryness  and  fusing  the  residue  in  a  close  ves^ 
sel,  or  by  heating  an  amalgam  of  tin  with  calomel.  (Dr  Davy.)  It  Is 
a,  gray  solid  substance,  of  a  resinous  lustre,  which  fuses  at  a  heat 
below  redness,  and  when  heated  in  chlorine  gas  is  converted  into  the 
bichloride. 

The  bichloride,  composed  of  one  equivalent  of  tin  and  two  equiva- 
lents of  chlorine,  may  be  prepared  either  by  heating  metallic  tin  or 
the  protochloride  in  an  atmosphere  of  chlorine,  or  by  distiUiog  a  mix- 
ture of  eight  parts  of  tin  in  powder  with  twenty-four  of  corrosive  aubr 
limate.  It  is  a  colouriess  volatile  liquid,  which  ^mits  copious  white 
fumes  when  exposed  to  the  atmosphere.    It  has  a  v^ry  strong  attrac- 
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tion  for  water,  and  is  converted  by  that  fluid  into  the  permuriate.    It 
was  formerly  called  the /timing  liquor  o/Libavius. 

Sulphurets  of  7\n. — The  protosulphuret  is  best  formed  by  beating 
eulphur  with  metallic  tin.  A  brittle  compound  of  a  bluish-gray  colour 
and  metallic  lustre  results,  which  is  fusible  at  a  red  heat,  and  assumes 
a  lamellated  structure  in  cooling.  It  is  dissolved  by  muriatic  acid, 
with  disengagement  of  sulphuretted  hydrogen.  According  to  the 
analysis  of  Dr  0avy  and  Berzelius,  it  is  composed  of  one  equivalent 
of  tin  and  one  equivalent  of  sulphur. 

The  bisulphuret,  formerly  called  aurum  musivumt  has  a  golden 
yellow  colour,  and  is  made  by  heating  a  mixture  of  sulphur  and  per- 
oxide of  tin  in  close  vessels.  The  eTtfknents  of  the  latter  unite  with  . 
separate  portions  of  sulphur,  forming  sulphurous  acid  and  bisulphuret 
of  tu.  This  compound  was  supposed  by  Proust  to  be  the  hydro- 
sulphuret  of  the  peroxide  of  tin,  and  its  real  nature  was  first  made 
known  by  Dr  Davy.  (Philos.  Trans,  for  1812,  page  198.)  It  consists 
of  one  equivalent  of  tin  and  two  equivalents  of  sulphur.  . 

By  exposing  a  mixture  of  sulphur  and  protosulphuret  of  tin  to  a  low 

red  heat,  Berzelius  obtained  a  compound  consisting  of  58  parts  or  one 

.  equivalent  of  tin,  and  24  parts  or  one  equivalent  and  a  half  of  sulphur. 

If  it  is  really  a  definite  compound,  it  should  be  termed  a  gesquuul- 

phuret. 
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Metallic  aifsenic  sometimes  occurs  native,  but  more  frequently  it  is 
found  in  combination  with  other  metals,  and  especially  with  cobalt 
and  iron.  On  roasting  these  arsenical  ores  in  a  reverberatocy  furnace*  . 
the  arsenic,  from  its  volatility,  is  expelled,  combines  with  oxygen  as 
it  rises,  and  condenses  into  thick  cakes  on  the  roof  of  the  chimney. 
The  sublimed  mass,  after  being  purified  by  a  second  sublimation,  is 
the  virulent  poison  known  by  the  name  of  arsenic,  or  white  oxide  of 
arsenic*  From  this  substance  the  metal  itself  is  procured  by  heating 
it  with  charcoal.  The  most  convenient  process  is  to  mix  the  white 
oxide  with  about  twice  its  weight  of  black  flux,  and  expose  the  mix- 
ture to  a  red  heat  in  a  Hessian  crucible,  over  which  is  futed  an  empty 
crucible  for  receivhig  the  metal.  The  redaction  is  easily  eflected, 
C  c 
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and  metallic  arsenic  collects  in  the  upper  crucible,  which  should  b« 
kept  cool  for  the  purpose  of  condensing  the  Tapour. 

Arsenic  is  an  exceedingly  brittle  metal,  of  a  strong  metallic  lustre, 
and  white  colour,  running  into  steel-gray.  Its  structure  is  crystalline, 
and  its  density  8.8*.  When  heated  to  356^  F.,  it  sublimes  without 
previously  liquefying ;  for  its  point  of  fusion  is  far  above  that  of  its 
sublimation,  and  has  not  hitherto  been  determined.  Its  vapour  has 
a  strong  odour  pf  garlic,  a  property  which  affords  a  distinguishing 
character  for  metallie  arsenic,  as  it  is  not  possessed  by  any  other  metah, 
with  the  exception  perhaps  of  zinc,  which  is  said  to  emit  a  similar 
odour  when  thrown  in  powder  on  burning  charcoal.  In  close  vessels, 
it  may  be  sublimed  without  change,  but  if  atmospheric  air  be  admit- 
ted, it  is  rapidly  converted  into  the  white  oxide.  It  soon  tarnishes 
by  exposure  to  the  atmosphere  at  common  temperatures,  acquhing  a 
dark  film  upon  its  surface.  This  crust,  which  is  exceedingly  superfi- 
cial, was  supposed  by  Berzelius  to  be  a  distinct  oxide ;  but  it  is  more 
generally  ri^rded  as  a  mixture  of  white  oxide  and  metallic  arsenic.^ 

Compounds  of  Arsenic  and  Oxygen. 

Chemists  are  acquainted  with  two  compounds  of  arsenic  and  oxygen^ 
and  as  they  both  possess  the  properties  of  an  acid,  the  terms  arseniottM 
and  arsenic  acid  have  been  properly  applied  to  them.  Considerable 
difference  of'^opinion  exists  as  to  their  composition.  Dr  Thomson 
believes  88  to  beihe  combining  proportion  of  metallic  arsenic,  and 
that  arsenious  acid  consists  of  one  atom  of  metal  to  two  atoms  of 
oxygen,  and  arsenic  acid,  of  one  atom  of  metal  to  three  atoms  of  oxy-. 
gen.  According  to  Berzelius,  37.627  is  the  equivalent  of  the  metal, 
and  the  oxygen  in  the  two  acids  is  in  the  ratio  of  8  to  5.  Arsenious 
acid  is  stated  by  the  former  to  contain  29.63,  and  by  the  latter  24.18 
per  c^nt  of  oxygen,  a  difference  which  is  very  considerable.  The  re- 
sults of  Dr  Thomson  are  commonly  adopted  in  this  country ;  but  as 
several  circumstances  induce  me  to  suspect  their  accuracy,  I  shall  em- 
ploy those  of  Berzelius  by  preference.  As  the  atomic  weight  of 
metallic  arsenic  was  found  nearly  the  same  by  both  chemists,  38  may 
be  adopted  as  the  most  convenient.  The  composition  of  the  two 
acids  of  arsenic  may  accordingly  be  thus  stated : — 

Arsenic,  Oxygen, 

Arsenious  acid  88  or  one  equiy.         12  or  one  and  a  half  equiv. 

Arsenic  acid  88  or  one  equiv.         20  or  two  and  a  half  equiv. 

Arsenious  Acid. — ^This  (fompoufid,  frequently  called  white  oxide 
of  arsenic,  is  always  generated  when  arsenic  is  heated  in  open 
vessels,  and  may  be  prepared  by  digesting  the  metal  in  dilute  nitric 
acid.  At  380°  it  is  volatilized,  yielding  vapours  which  do  not  possess 
the  odour  of  garlic,  and  which  condense  unchanged  on  cold  surfaces. 
If  the  sublimation  is  conducted  slowly,  the  vapour  is  deposited  in  the 
form  of  distinct  octahedral  crystals  of  adamantine  lustre,  and  perfectly 
transparent.  If  the  arsenious  acid  is  suddenly  heated  beyond  its  sub- 
liming point,  it  fuses  into  a  transparent  brittle  glass,  which  gradually 
becomes  opake  by  keeping.  The  specific  gravity  of  this  glass  is  about 
8.7. 


*  According,  to  Guibourt,  the  density  of  arsenic  is  5.9.  ^  This 
number  is  adopted  by  Thenard,  who  considers  it  as  more  accurate  than 
8.8,  the  number  obtained  by  Bergmann.    B« 
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The  Uste  of  arsenious  acid  is  stated  difibrently  by  different  persons. 
It  is  prevalently  thought  to  be  acria ;  but  I  am  satisfied  from  personal 
observation  that  it  may  be  deliberately  tasted,  without  exciting  more 
than  a  very  faint  impression  of  sweetness,  and  perhaps  of  acidity.  The 
acrid  taste  ascribed  to  it  has  probably  been  confounded  with  the  local 
inflammation,  by  which  its  application,  if  of  some  continuance,  is 
followed.  (Dr  Christisoa  on  the  Taste  of  Arsenic  in  the  Edinburgh 
Medical  and  Surgical  Journal  for  July  ld27.)  It  reddens  vegetable  blue 
colours  feebly,  an  effect  which  is  best  shown  by  placing  the  acid  in 
powder  on  moistened  litmus  paper.  It  combines  with  salifiable  baseSt 
forming  salts  which  are  termed  arsenitea. 

According  to  the  experiments  of  Elaproth  and  Bucholz,  1000  parts 
of  boiling  water  dissolve  77.75  of  arsenious  acid ;  and  the  solution, 
after  having  cooled  to  60^*  F.  contains  only  30  parts.  The  same 
quantity  of  water  at  60,  when  mixed  with  the  acid  in  powder,  dissolves 
only  two  parts  and  a  half. 

The  tests  whicli  are  commonly  recommended  for  detecting  the  pre- 
sence of  arsenious  acid  are  four  in  number ;  namely,  lime-water,  the 
ammoniacal  nitrate  of  silver,  the  ammoniacal  sulphate  of  copper,  and 
sulphuretted  hydrogen.  \ 

1.  When  lime-water  is  added  in  excess  to  a  solution  of  arsenious 
jic&d,  a  white  precipitate  subsides,  which  is  the  arsenite  of  lime.  On 
drying  this  salt,  mixing  it  with  powdered  charcoal  or  black  flux,  imd 
heating  the  mixture  contained  in  a  glass  tube  to  redness  by  means  of 
a  spirit  lamp,  the  arsenic  is  reduced,  sublimes,  and  condenses  in  a 
cool  part  of  the  tube.  The  process  of  reduction  is  absolutely  neces- 
sary, since  several  other  acids  as  well  as  the  arsenious,  such  as  the 
carbonic,  phosphoric,  oxalic,  and  tartaric  acids,  yield  white  precipi- 
tates with  lime-water.  The  arsenite  of  lime  is  soluble  in  all  acids 
which  are  capable  of  dissolving  lime  itself.  Indeed  all  the  arsenites 
are  dissolved  by  those  acids,  with  which  their  bases  do  not  form 
insoluble  compounds. 

Lime-water  is  of  little  service  for  discovering  arsenious  acid  in 
mixed  fluids.  For  the  arsenite  of  lime  is  so  light  a  powder,  that 
when  formed  in  gelatinous  or  oleaginous  solutions,  such  as  in  broth, 
or  tea  made  with  milk,  it  remains  suspended  in  the  liquid,  and  cannot 
be  separated  from  it. 

2.  Arsenious  acid  is  not  precipitated  by  nitrate  of  silver  unless  an 
alkali  be  present,  which  may  unite  with  the  nitric  acid.  Ammonia  is 
commonly  employed  for  the  purpose ;  but  as  the  arsenite  of  silver 
is  very  soluble  in  ammonia,  an  excess  of  the  alkali  might  retain  the 
arsenite  of  silver  in  solution.  To  remedy  this  inconvenience,  Mr 
Hume  proposes  to  employ  the  ammoniacal  nitrate  of  silver,  which  is 
made  by  dropping  ammonia  into  a  solution  of  lunar  caustic,  till  the 
oxide  of  silver  at  first  thrown  down  is  nearly  all  dissolved.  The  liquid 
thus  prepared  contains  the  precise  quantity  of  ammonia  which  is 
required;  and  when  mixed  with  arsenious  acid,  two  neutral  salts 
result,  the  soluble  nitrate  of  ammonia,  and  the  insoluble  yellow 
arsenite  of  silver.  The  ammoniacal  nitrate  of  silver  likewise 
diminishes  the  risk  of  fallacy  that  might  arise  from  the  presence  of 
phosphoric  acid.  The  phosphate  of  silver  is  so  very  soluble  in  am- 
monia, that  when  a  neutral  phosphate  is  mixed  with  the  ammoniacal 
nitrate  of  silver,  the  resulting  phosphate  of  silver  is  held  almost 
entirely  in  solution  by  the  free  ammonia. 

The  test  of  nitrate  of  silver,  however,  even  in  its  improved  state,  is 
still  liable  to  objection.  For  when  arsenious  acid  in  small  proportion 
is  mixed  with  salts  of  muriatic  acid,  or  animal  and  vegetable  infusions. 
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the  araenite  of  silver  either  does  nqt  subside  at  all,  or  is  precipitated  ia 
io  impure  a  state  that  its  characteristic  colour  canuot  be  distinguished. 
Several  methods  have  been  proposed  for  obviating  this  source  of 
fallacy ;  but  Dr  Christison  has  shown,  as  I  conceive  quite  satisfac- 
torily, that  this  test  cannot  be  relied  on  in  practice. 

8.  The  ammoniacal  sulphate  of  copper,  which  is  made  by  adding 
ammonia  to  a  solution  of  sulphate  of  copper,  until  the  precipitate,  at 
first  thrown  down,- is  nearly  all  redissolved,. occasions  with  arsenious 
acid  a  green  precipitate,  which  has  been  long  used  as  a  pigment 
under  the  name  of  Scheele*8  green.  This  test,  though  well  adapted 
for  detecting  arsenious  acid  dissolved  in  pure  water,  is  very  fallacious 
when  applied  to  mixed  fluids.  Dr  Christison  has  proved  that  the 
ammoniacal  sulphate  of  copper  produces  in  some  animal  and  vege- 
table infusions,  containing  no  arsenic,  a  greenish  precipitate,  which 
may  be  mistaken  for  Scheele*s  green  ;  whereas  in  other  mixed  fluids, 
such  as  tea  and  porter,  to  which  arsenic  has  been  previously  added, 
it  occasions  none  at  all,  If  the  arsenious  acid  is  in  small  quantity.  In 
some  of  these  liquids,  a  free  vegetable  acid  is  doubtless  the  solvent ; 
but  the  arsenite  of  copper  is  also  dissolved  by  tannin,  and  perhaps  by 
other  vegetable  as  well  as  some  animal  principles. 

4.  When  a  current  of  sulphuretted  hydrogen  gas  is  conducted  through 
a  solution  of  arsenious  acid,  the  fluid  immediately  acquires  a  yellow 
colour,  and  in  a  short  time  becomes  turbid,  owing  to  the  formation  of 
orpiment,  or  the  yellow  sulpburet  of  arsenic.  The  precipitate  is  at 
first  partially  suspended  in  the  liquid ;  but  as  soon  as  the  free  sul- 
phuretted hydrogen  is  expelled  by  boiling,  it  subsides  perfectly,  and 
may  easily  be  collected  on  a  filter.  One  condition,  however,  must  be 
observed  io  order  to  insure  success,  namely,  that  the  liquid  does  not 
contain  a  free  alkali ;  for  the  sulphuret  of  arsenic  is  dissolved  with 
remarkable  facility  by  pure  potassa  or  ammonia.  To  avoid  this  source 
of  fallacy,  it  is  necessary  to  acidulate  the  solution  with  a  little  acetic 
or  muriatic  acid.  Sulphuretted  hydrogen  likewise  acts  on  arsenic  iQ 
all  vegetable  and  animal  fluids,  if  previously  boiled,  filtered,  and 
acidulated. 

But  it  does  not  necessarily  follow,  because  sulphuretted  hydrogenr 
causes  a  yellow  precipitate,  that  arsenic  is  present ;  for  there  are  not 
less  than  four  other  substances,  namely,  selenium,  cadmium,  tin,  and 
antimony,  the  sulphurets  of  which,  judging  from  their  colour  alone, 
might  be  mistaken  for  orpiment.  From  these  and  all  other  substanceis 
whatever,  the  sulphuret  of  arsenic  may  be  thus  distinguished.— When 
heated  with  black  flux  in  the  manner  described  for  reducing  the  arsenite 
of  lime,  a  metallic  crust  of  an  iron-grfiy  colour  externally,  and  crystal- 
line on  its  inner  surface,  is  deposited  on  the  cool  part  of  the  tube ;  and  by 
converting  a  portion  of  this  crust  into  vapour,  its  alliaceous  odour  wiU 
instantly  be  perceived.  Besides  these  circumstances,  which  alone  are 
quite  satisfactory,  it  is  easy  to  procure  additional  evidence  by  recon- 
verting the  metal  into  arsenious  acid,  so  as  to  obtain  it  in  the  form  of 
resplendent  octahedral  crystals.  This  is  done  by  holding  that  part  of 
the  tube  to  which  the  arsenic  adheres,  about  three-fourths  of  an  inch 
above  a  Very  small  spirit  lamp  flame,  so  that  the  metal  may  be  slowly 
sublimed.  As  it  rises  in  vapour,  it  combines  with  oxygen,  and  is  de« 
posited  in  crystals  within  the  tube.  The  character  of  these  crystals 
with  respect  to  volatility,  lustre,  transparency,  and  form,  is  so  exceed- 
ingly well  marked,  that  a  practised  eye  may  safely  identify  them, 
though  their  weight  should  not  exceed  the  100th  part  of  a  grain.  This 
experiment  does  not  succeed,  unless  the  tube  be  quite  clean  and  dry. 

It  hence  appears,  that  of  the  various  tests  for  arsenic,  the  only  one 
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which  gives  unifonn  results,  and  is  applicable  to  oTery  case,  is  sulpha* 
retted  hydrogen : — ^all  the  rest  may  be  dispensed  with.  For  this  great 
improvement  in  the  mode  of  testing  for  arsenious  acid,  we  are  indebted 
to  Dr  Christison.  By  this  process,  he  discovered  the  presence  of 
arsenious  acid  when  mixed  with  complex  fluids,  such  as  tea,  'porter, 
and  the  lilce,  in  t^e  proportion  of  one-fourth  of  a  grain  to  an  ounce ; 
and  more  recently  he  has  twice  obtained  so  small  a  quantity  as  the 
20th  of  a  grain  from  the  stomachs  of  people  Who  had  been  poisoned 
with  arsenic.  (Edinburgh  Medical  and  Surgical  Journal  for  October 
1824;  and  second  volume  of  the  Transactions  of  the  Medico-Cbirur- 
gical  Society  of  Edinburgh.) 

Tlxa  black  flux  employed  in  the  processes  for  reducing  arsenic,  is 
prepared  by  de^grating  a  mixture  of  the  bitartrate  of  potassa  with  half 
Its  weight  of  nitre.  The  nitric  add  tartaric  acids  undergo  decomposi- 
tion, and  the  solid  product  is  charcoal  derived  from  tartaric  acid,  and 
pure  carbonate  of  potassa.  When  this  substance  is  employed  in  the 
reduction  of  arsenious  acid  or  its  salts,  the  charcoal  is  of  course  the 
chief  ingredient ;  but  the  allcali  is  of  use  in  retaining  the  arsenious  acid, 
until  the  temperature  is  sufficiently  high  for  its  decompositioh.  With 
sulphuret  of  arsenic,  on  the  contrary,  the  allcali  is  the  active  principle, 
the  potassium  of  which  unites  with  sulphur  and  liberates  the  arsenic ; 
but  the  cl^arcoal  operates  usefully  by  facilitating  the  decomposition  of 
the  alkaline  carbonate. 

Arsenic  Acid. — ^This  compound  is  made  by  dissolving  arsenious  acid 
in  concentrated  nitric,  mixed  with  a  little  muriatic  acid,  and  distilling 
the  solution  to  perfect  divness.  The  acid  thus  prepared,  has  a  sour 
metallic  taste,  reddens  v^etable  blue  colours,  and  with  alkalies  forms 
neutral  salts,  which  are  termed  araeniates.  It  is  much  more  soluble 
in  water  than  arsenious  acid,  dissolving  in  five  or  six  times  its  weight 
of  cold,  and  in  a  still  smaller  quantity  of  hot  water.  It  forms  irregular 
grains  when  its  solution  is  evaporated,  but  does  nQt  crystallize.  If 
strongly  heated,  it  fuses  into  a  glass  which  is  ^deliquescent.  When 
urged  by  a  very  strong  red  beat,  it  is  resolved  into  oxygen  and  arse- 
nious acid.    It  is  an  active  poison. 

Arsenic  acid  is  decomposed  by  sulphuretted  hydrogen  gas,  and  yields 
a  sulphuret  of  arsenic  very  like  orpiment  iq  colour,  but  containing  a 
greater  proportional  quantity  of  sulphur.  The  soluble  arseniates,  when 
mixed  with  the  nitrate  of  lead  or  silver,  form  insoluble  arseniates,  the 
former  of  which  has  a  white,  and  the  latter,  a  brick-red  colour.  They 
dissolve  readily  in  dilute  nitric  acid,  and  when  heated  with  charcoal 
yield  metallic  arsenic. 

Chloride  of  Arsenic. — When  arsenic  in  powder  is  thrown  into  a  jar 
full  of  dry  chlorine  gas,  it  takes  fire,  and  a  chloride  of  arsenic  fs  gene- 
rated ;  and  the  same  compound  may  be  formed  by  distilling  a  mixture 
of  sk  parts  of  corrosive  sublimate  with  one  of  arsenic.  It  is  a  colour- 
less volatile  liquid,  which  fumes  strongly  on  exposure  to  the  air,  hence 
called  fuming  liquor  of  arsenicy  and  is  resolved  by  water  into  muri- 
atic and  arsenious  acids.  According  to  Dr  J.  Davy,  it  is  composed  of 
60.48  parts  of  chlorine  and  39.52  of  arsenic,  a  proportion  which  does 
not  correspond  with  the  laws  of  combination,  and  therefore  is  doubt- 
less inexact. 

The  following  process  has  been  lately  proposed  by  M.  Dumas. 
Into  a  tubulated  retort  is  introduced  a  mixture  of  arsenious  acid  with 
ten  times  its  weight  of  concentrated  sulphuric  acid ;  and  after  raising 
its  temperature  to  near  212%  fragments  of  sea-salt  are  thrown  in  by  the 
tubular.  If  the  salt  is  added  in  successive  small  portions,  scarcely  any 
muriatic  acid  gas  is  evolved,  and  the  pure  chloride  may  be  collected 
C  c  2 
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in  cooled  vessels.  Towards  the  end  of  the  process,  a  little  water  fre- 
.quently  passes  oyer  with  the  chloride,  but  this  hydrated  portion  does 
Dot  mis  with  the  anhydrous  chloride,  but  swims  on  its  surface.'  The 
hydrate  may  be  decomposed,  and  a  pure  chloride  abtained,  by  distil- 
ling the  mixture  from  a  sufficient  quantity  of  concentrated  sulphuric 
acid.  M.  Dumas  considers  this  compound  a  protochloride  of  arsenic, 
80  that  it  is  probably  different  from  that  obtained  by  means  of  corrosive 
sublimate.  (QuarteHy  Journal  of  Science,  N.  S.  i.  285.) 

Aueniwretted  Hydrogen. — ^This  gas,  which  was  discovered  by 
Scbeele,  is  most  conveniently  prepared-  by  digesting  an  alloy  of  tin 
and  arsenic  in  muriatic  acid.  It  is  a  colouriess  elastic  Quid,  of  a  fetid 
odour,  resemblmg  that  of  gariic.  Its  specific  gravity  is  about  0.5.  It 
extinguishes  bodies  in  combustion,  but  it  is  itself  kindled  by  them,  and 
bums  with  a  blue  flame.  It  instantly  destroys  small  animals  that  are 
immersed  in  it,  and  is  poisonous  in  a  high  degree,  having  proved  fatal 
to  a  German  philosopher,  the  late  M.  Gehlen.  With  oxygen  gas,  it 
forms  an  explosive  mixture,  and  is  decomposed  by  chlorine  with  de- 
position of  arsenic.  It  is  not  absorbed  by  water,  nor  does  it  possess 
acid  properties.  It  has  not  hitherto  been  obtained  in  a  pure  state, 
being  always  mixed  with  hydrogen,  and  consequently  its  composition 
has  not  been  exactly  determined. 

A  solid  compound  of  arsenic  and  hydrogen  of  a  brownish  colour  was 
discovered  by  Sir  H.  Davy,  and  Gay-Lussac  and  Thenard.  It  is  form- 
ed by  the  action  of  water  on  an  alloy  of  potassium  and  arsenic ;  and  it 
is  also  generated  by  attaching  a  piece  of  arsenic  to  the  negative  wire 
during  the  decomposition  of  water  by  a  gallic  battery.  Its  compo- 
sition is  unknown. 

Sulphurets  of  Arsenic, — Sulphur  unites  with  arsenic  in  at  least 
three  proportions,  forming  compounds,  two  of  which  occur  in  the  mi- 
neral kingdom,  and  are  well  known  by  the  names  of  realgar  and  orpi* 
menL  Realgar  or  the  protosulphuret  may  be  formed  artificially  by 
heating  arsenious  acid  with  about  half  its  weight  of  sulphur,  until  the 
mixture  is  brought  into  a  state  of  perfect  fusion.  The  cooled  mass  is 
crystalline,  transparent,  and  of  a  ruby-red  colour ;  and  may  be  sub- 
limed in  close  vessels  without  change.  It  is  composed  of  38  parts  or 
one  equivalent  of  arsenic^  and  16  parts  or  one  equivalent  of  sulphur. 

Orpiment,  or  the  sesquisulphwet  of  arsenic,  may  be  prepared  by 
fusing  together  equal  parts  of  arsenious  acid  and  sulphur ;  but  the  best 
mode  of  obtaining  it  quite  pure  is  by  transmitting  a  current  of  sulphu- 
retted hydrogen  gas  through  a  solution  of  arsenious  acid.  Orpiment 
has  a  rich  yellow  colour,  fuses  readily  when  heated,  and  becomes 
crystalline  on  cooling,  and  in  close  vessels  may  be  sublimed  without 
change.  It  is  dissolved  with  great  facility  by  the  pure  alkalies,  and 
yields  colouriess  solutions.  In  composition  it  is  proportional  to  arse- 
nious acid ;  that  is,  it  consists  of  38  parts  or  one  equivalent  of  arsenic, 
and  24  parts  or  one  equivalent  and  a  half  of  sulphur. 

Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  principle 
of  the  paint  called  King* 8  yellow,  M.  Braconnot  has  proposed  it 
likewise  for  dyeing  silk,  woollen,  or  cotton  stuffs  of  a  yellow  colour. 
For  this  purpose  the  cloth  is  soaked  in  a  solution  of  orpiment  in  am- 
monia, and  then  suspended  in  a  warm  apartment.  The  alkali  evapo- 
rates, and  leaves  the  orpiment  permanently  attached  to  the  fibres  of 
the  cloth.  (An.  de  Ch.  et  de  Ph.  vol.  xii.) 

The  persulphuret  of  arsenic  is  prepared  by  transmitting  sulphuretted 
hydrogen  gas  through  a  moderately  strong  solution  of  arsenic  acid ;  or 
by  saturating  a  solution  of  arseniate  of  potassa  or  soda  with  the  same 
gas,  aad  acidulating  with  muriatic  or  acetic  aold.    The  oxygen  of  the 
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acid  unites  with  the  hydrogen  of  the  gas,  and  persulphuret  of  arsenic 
subsides.  In  colour  it  is  very  similar  to  orpiineot,  is  dissolved  by  pure 
allcalies,  fuses  by  heat,  and  may  be  sublimed  in  close  vessels  without 
decomposition.  It  is  proportional,  in  composition,  to  arsenic  acid; 
that  is,  it  consists  of  one  equivalent  of  arsenic  and  two  equivalents 
and  a  half  of  sulphur. 

The  experiments  of  Orfila  have  proved  that  the  sulphureCs  cf  arsenic 
are  poisonous,  though  in  a  much  less  degree  than  arseniout  acid. 
The  precipitated  sulphuret  is  more*  injurious  than  native  orplment. 


SECTION  XVI. 

CHROMIUM,      MOLYBDEJVUM.      TUJSTGSTEJ^,      CO- 
LUMBIUM. 

Chromium* 

Chromium*  was  discovered  in  the  year  1797  by  Vauquelinf  in  a 
beautiful  red  mineral,  the  native  chromate  of  lead.  It  has  since  been 
detected  in  the  mineral  called  chromate  of  iron,  a  compound  of  the 
oxides  of  chromium  and  iron,  which  occurs  abundantly  in  several 
parts  of  the  continent,  in  America,  and  at  Unst  in  Shetland.  (Hib- 
bert.) 

Chromium,  which  has  hitherto  been  procured  in  very  small  quantity, 
owing  to  its  powerful  attraction  for  oxygen,  may  be  obtained  by  ex- 
posing the  oxide  of  chromium  mixed  with  charcoal  to  the  most 
intense  heat  of  a  smith's  forge.  Its  colour  is  white  with  a  shade  of 
yellow  and  distinct  metallic  lustre.  It  is  a  brittle  metal,  very  infusible, 
and  with  difficulty  attacked  by  acids,  even  by  the  nitro-muriatic.  Its 
specific  gravity  has  been  stated  at  5.9  ;  but  Dr  Thomson  found  it  a 
little  above  5.  When  fused  with  nitre,  it  is  oxidized,  and  converted 
into  chromic  acid. 

Chromium  unites  with  oxygen  in  two  proportions,  forming  the 
green  oxide,  and  chromic  acid.  Dr  Thomson  some  years  ago  ascer- 
tained that  the  combining  proportion  of  chromic  acid  is  62;  and 
according  to  the  results  of  an  elaborate  investigation,  published  in  the 
Philosophical  Transactions  for  1827,  the  oxide  and  acid  are  thus  con- 
stituted !-^ 

Chromium,  Oxygen, 

Green  oxide  32  or  one  equiv.         8  or  one  equivalent. 

Chromic  acid        32        .        .  20  or  two  and  a  half  equiv. 

Protoxide, — ^This  oxide  is  easily  prepared  by  dissolving  chromate 
of  potassa  in  water,  and  mixing  it  with  a  solution  of  protonitrate  of 
mercury,  when  an  orange-coloured  precipitate,  the  chromate  of  the 
protoxide  of  mercury,  subsides.  On  heating  this  salt  to  redness  in 
an  earthen  crucible,  the  mercury  is  dissipated  in  vapour,  and  the  • 
chromic  acid  is  resolved  into  oxygen  and  protoxide  of  chromium. 


*  From  Xg»^«,  colour,  indicative  of  its  remarkable  tendency  to 
•form  coloured  compounds. 

t  Annates  de  Chimie,  vol.  zzv.  and  Ixx,- 
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Protoxide  of  chromium  is  of  a  green  colour,  exceedingly  infusible, 
end  suffers  no  change  by  heat.  It  is  insoluble  in  water,  and  after 
.  being  strongly  heated,  resists  the  action  of  the  most  powerful  acids. 
Deflagrated  with  nitre,  it  is  oxidized  to  its  maximum,  and  is  thus  recon- 
verted into  chromic  acid.  Fused  with  borax  or  vitreous  substances, 
it  communicates  to  them  a  beautiful  green  colour,  a  property  which 
affords  an  excellent  test  of  its  presence,  and  renders  it  exceedingly 
useful  in  the  arts.  The  emerald  owes  its  colour  to  the  presence  of 
this  oxide. 

Protoxide  of  chromium  is  a  saliBable  base,  and  its  salts,  which  have 
a  green  colour,  may  be  easily  prepared  in  the  following  manner.  To 
a  boiling  solution  of  chromate  of  potassa  in  water,  equal  measures  of 
strong  muriatic  acid  and  alcohol  are  added  in  successive  small  por- 
tions, until  the  red  tint  of  the  chromic  acid  disappears  entirely,  and 
the  liquid  acquires  a  pure  green  colour.  On  pouring  an  excess  of 
pure  ammonia  into  this  solution,  a  pale  green  bulky  precipitate  is 
formed,  which  consists  of  one  equivalent  of  the  protoxide  and  twenty- 
six  equivalents  of  water.  (Thomson.)  The  hydrate  is  readily  dissolved 
by  acids.  ^ 

Chromic  Add, — ^This  acid  is  prepared  by  digesting  chromate  of 
baryta  in  a  quantity  of  dilute  sulphuric  acid  exactly  sufficient  for 
combining  with  the  baryta.  The  sulphate  of  baryta  subsides,  and  a 
solution  of  chromic  acid  is  obtained.  Another  method  has  been  lately 
proposed  by  M.  Arnold  Maus,  which  consists  in  decomposing  a  hot 
concentrated  solution  of  bichromate  of  potassa  by  silicated  hydro- 
.fluoric  acid.  The  chromic  acid,  after  being  separated  from  the  spar- 
ingly soluble  hydrofluate  of  silica  and  potassa,  is  evaporated  to  dryness 
in  a  platinum  capsule,  and  then  redlssolved  in  the  smallest  possible 
quantity  of  water.  By  this  means  the  last  portions  of  the  double  salt 
are  rendered  insoluble,  and  the  pure  chromic  acid  is  then  separated  by 
decantation.  The  acid  must  not  be  filtered  in  this  concentrated  state, 
as  it  then  corrodes  paper  like  sulphuric  acid,  and  is  converted  into 
chromate  of  the  green  oxide  of  chromium.  When  it  is  wished  to 
prepare  a  large  quantity  of  chromic  acid  by  this  process,  porcelain 
vessels  may  be  safely  employed  in  the  first  part  of  the  operation-,  pro- 
vided care  is  taken  to  add  a  quantity  of  silicated  hydrofluoric  acid 
not  quite  sufficient  for  precipitating  the  whole  of  the  potassa.  (Edin- 
burgh Journal  of  Science,  No.  xvi.  175.) 

Chromic  acid  has  a  dark  ruby-red  colour,  and  forms  irregular  crys- 
tals when  its  solution  is  concentrated.  It  Is  very  soluble  in  water, 
has  a  sour  taste,  and  possesses  all  the  properties  of  an  acid.  It  is 
converted  into  the  green  oxide,  with  evolution  of  oxygen,  by  expo- 
sure to  a  strong  heat.  It  yields  a  muriate  of  the  protoxide,  when 
boiled  with  muriatic  acid  and  alcohol,  and  the  direct  solar  rays  have 
a  similar  effect  when  muriatic  acid  is  present.  With  sulphurous  acid, 
it  forms  a  sulphate  of  the  protoxide. 

Chromic  acid  is  characterized  by  its  colour,  and  by  forming  colour- 
ed salts  with  alkaline  bases.  The  most  important  of  these  salts  is  the 
chromate  of  lead,  which  is  found  native  in  small  quantity,  and  is  easi- 
.  ]y  prepared  by  mixing  chromate  of  potassa  with  a  soluble  salt  of  lead. 
It  is  of  a  rich  yellow  colour,  and  is  employed  iu  the  arts  of  painting 
and  dyeing  to  great  extent. 

When  sulphurous  acid  gas  is  transmitted  into  a  solution  of  chromate 
or  bichromate  of  potassa,  a  brown  precipitate  subsides,  which  was 
long  regarded  as  a  distinct  oxide  of  chromium ;  but  Dr  Thomson,  in 
the  essay  above  cited,  has  proved  that  it  is  the  green  oxide  combined 
with  a  little  chromic  acid.    The  acid  may  in  a  great  measure  be 
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washed  away  by  means  of  water,  and  by  ammonia  it  is  entirely  re* 
moved.  The  best  mode  of  separating  it,  is  to  dissolve  the  brown 
matter  with  muriatic  acid,  and  then  precipitate  the  green  oxide  by 
ammonia. 

Fluoehromie  Add  Gf<i«.— When  a  mixture  of  fluor  spar  and  chro- 
mate  of  lead  is  distilled  with  fuming  or  even  common  sulphuric  acid 
in  a  leaden  retort,  a  red  coloured  gas  is  disengaged.  This  gas  acts 
rapidly  upon  glass,  with  deposition  of  chromic  acid  and  formation  of 
fluosilicic  acid  gas.  It  is  absorbed  by  water,  and  the  solution  is  found 
to  contain  a  mixture  of  hydrofluoric  and  chromic  acids.  The  watery 
vapour  of  the  atmosphere  effects  its  decomposition,  so  that  when  mix- 
ed with  air,  red  fumes  appear,  owing  to  the  separation  of  minute 
crystals  of  chromic  acid,  lilts  gas  may  be  regarded  as  a  compound 
either  of  fluorine  and  chromium,  or  of  hydrofluoric  and  chromic  acids ; 
but  from  the  circumstance  of  its  being  decomposed  so  readily  by 
moisture,  the  first  view  is  the%nore  probable. 

Chloroehromic  Acid  Oas. — This  compound  is  formed  by  the  action 
of  fuming  sulphuric  acid  on  a  mixture  of  chromate  of  iead  and  chlo- 
ride of  sodium.  It  is  a  red  coloured  gas  which  may  be  collected  in 
glass  vessels  over  mercury.  It  is  decomposed  instantly  by  water,  and 
yields  a  solution  of  muriatic  and  chromic  acids.  It  may  be  regarded 
either  as  a  compound  of  muriatic  and  chromic  acids,  or  of  chlorine 
and  chromium. 

These  gases  were  discovered  in  the  year  1825  by  M.  Unverdorben. 
(Edinburgh  Journal  of  Science,  No.  vii.  129.) 

Dr  Thomson,  in  the  essay  already  referred  to,  has  described  a  red 
coloured  liquid  under  the  name  of  chloroehromic  acid,  which  he  ob- 
tained by  the  action  of  concentrated  sulphuric  acid  on  a  mixture  of 
dry  bichromate  of  potassa  and  sea-salt.  It  obviously  contains  chro* 
mic  acid  and  chlorine ;  but  its  exact  nature  has  not  been  satisfactorily 
eatablished,  and  I  apprehend,  from  Dr  Thomson's  description,  that  it  is 
not  a  definite  compound. 

Molybdenum. 

When  the  native  sulphuret  of  molybdenum,  in  fine  powder,  is  di- 
gested in  nitro-muriatic  acid  until  the  ore  is  completely  decomposed, 
and  the  residue  is  briskly  heated  in  order  to  expel  sulphuric  acid, 
molybdic  acid  remains  in  the  form  of  a  white  heavy  powder.  From 
this  acid  metallic  molybdenum  may  be  obtained  by  exposing  it  with 
charcoal  to  the  strongest  heat  of  a  smith's  forge  ;  or  by  conducting^ 
over  it  a  current  of  hydrogen  gas,  while  strongly  heated  in  a  tube  of 
porcelain.  (Berzelius.) 

Molybdenum  is  a  brittle  metal,  very  infusible,  and  of  a  white  colour. 
It  has  hitherto  been  procured  in  small  quantities  only,  and  its  proper- 
ties are  known  imperfectly.  When  heated  in  open  vessels,  it  absorbs 
oxygen,  and  is  converted  into  molybdic  acid ;  and  the  same  com- 
pound is  generated  by  the  action  of  chlorine  or  nitro-muriatic  acid. 
It  has  three  degrees  of  oxidation,  forming  two  oxides  and  one  acid. 
The  molybdic  acid,  according  to  Bucholz,  is  composed  of  48  parts  of 
molybdenum  and  24  parts  of  oxygen ;  and,  consequently,  on  the  sup* 
position  that  this  acid  contains  three  atoms  of  oxygen,  48  is  the  atomic 
weight  of  the  metal  itself. 

Molybdic  acid  is  a  white  powder,  of  specific  gravity  8.4.  It  has  a 
sharp  metallic  taste,  reddens  litmus  paper,  and  mrms  salts  with  alka- 
line bases.    It  is  very  sparingly  soluble  in  water;  but  the  molybdates 
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of  potaisa,  soda,  and  ammonia»  diasolre  in  that  fluid,  and  the  molyb* 
die  acid  is  precipitated  from  the  solutions  by  any  of  tlie  strong  acids. 

Berzelius  has  lately  described  the  two  oxides  of  molybdenum. 
(Edinburgh  Journal  of  Science,  No.  yii.  133.)  The  protoxide  is  blaclr, 
and  consists  of  one  equivalent  of  oxygen  and  one  equivalent  of  mo- 
lybdenum. The  deutoxide  is  brown,  and  contains  twice  as  much  ox- 
ygen as  the  protoxide.  They  both  form  salts  with  acids.  Berzelius 
states  that  the  blue  molyhdoua  add  of  Bucholz,  is  a  bimolybdate  of 
the  deutoxide  of  molybdenum. 

Berzelius  has  likewise  succeeded  in  forming  three  cUortdes  of  mo- 
lybdenum, the  composition  of  which  is  analogous  to  the  compounds 
of  this  metal  with  oxygen. 

Tlie  native  sulphuret  of  molybdenum,  accordfhg  to  the  analysis  of 
Bucholz,  is  composed  of  48  parts  or  one  equivalent  of  molybdenum, 
and  32  parts  or  two  equivalents  of  sulphur.  Berzelius  has  lately  dis- 
covered another  sulphuret,  of  a  ruby^ed  colour,  transparent,  and 
crystallized.  It  is  proportional  to  the  molybdic  acid ;  that  is,  con- 
tarns  three  equivalents  of  sulphur  to  one  equivalent  of  the  metal. 

Tungsten. 

Tungsten  may  be  procured  in  the  metallic  state  by  exposing  tungstic 
acid  to  the  action  of  charcoal  or  dry  hydrogen  gas  at  a  red  heat ;  but 
though  the  reduction  is  easily  effected,  an  exceedingly  intense  tem- 
perature is  required  for  fusing  the  metal.  Tungsten  has  a  grayish- 
white  colour,  and  considerable  lustre.  It  is  brittle,  nearly  as  hard 
as  steel,  and  less  fusible  than  manganese.  Its  specific  gravity  is  near 
17.4.  When  heated  to  redness  In  the  open  air,  it  takes  fire,  and  is 
converted  into  tungstic  acid ;  and  it  undergoes  the  same  change  by 
the  action  of  nitric  acid.  Digested  with  a  concentrated  solution  of 
pure  potassa,  it  is  dissolved  with  disengagement  of  hydrogen  gas,  and 
tungstate  of  potassa  is  generated.  * 

Chemists  are  acquainted  with  two  compounds  of  this  metal  and 
oxygen,  namely^  the  dark  brown  oxides  and  the  yeUow  acid  of 
tungsten;  and  according  to  the  analyses  of  Berzelius,  (An.  de  Ch. 
et  de  Ph^  vol.  zvii.y  the  oxygen  of  the  former  is  to  that  of  the  latter 
in  the  ratio  of  two  to  three.  It  is  hence  inferred,  that  the  real  pro- 
toxide of  tungsten  is  yet  unknown,  and  that  tungstic  acid  contains 
three  atoms  of  oxygen  to  one  atom  of  the  metal.  Now,  Bucholz  as* 
certained  that  this  acid  consists  of  96  parts  of  tungsten  and  24  parts 
of  oxygen,  and  consequently  96  is  the  atomic  weight  of  tungsteut 
and  120  the  equivalent  of  its  acid.  The  brown  oxide  is  composed  of 
96  parts  or  one  equivalent  of  metal,  and  16  parts  or  two  equivalents 
of  oxygen. 

A  convenient  method  of  preparing  tungstic  acid  is  by  digesting  the 
native  tungstate  of  lime,  very  finely  levigated,  in  nitric  acid  ;  by  which 
means  the  nitrate  of  lime  is  formed,  and  the  tungstic  acid  separated  in 
the  form  of  a  yellow  powder.  Long  digestion  is  required  before  all 
the  linfe  is  removed ;  but  the  process  is  facilitated  by  acting  upop  the 
mineral  alternately  by  nitric  acid  and  ammonia.  The  tungstic  acid  is 
dissolved  readily  by  that  alkali,  and  may  be  obtained  in  a  separate 
state  by  heating  the  tungstate  of  ammonia  to  redness.  Tungstic  acid 
may  also  be  prepared  by  the  action  of  muriatic  acid  on  wolfram,  the 
native  tungstate  of  iron  and  manganese.  It  is  also  obtained  by  heat- 
ing the  brown  oxide  to  redness  in  open  vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  and  has 
no  action  on  litmus  paper.    With  alkaline  bases,  it  forms  salts  called 
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tung8tate8,  which  are  decomposed  hy  the  stronger  acids,  the  tangstic 
acid  in  general  falling  combined  with  thejicid  by  which  it  is  precipi- 
tated. When  strongly  heated  in  open  vessels,  it  acquires  a  green  co- 
lour, and  becomes  blue  when  exposed  to  the  action  of  hydrogen  gas 
at  a  temperature  of  500*"  or  600°  F.  The  blue  compound,  according 
to  fierzelius,  is  a  tungstate  of  the  oxide  of  tungsten  ;  and  the  green 
colour  is  probably  produced  by  an  admixture  of  this  compound  with 
the  yellow  acid. 

The  oxide  of  tungsten  is  formed  by  the  action  of  hydrogen  ^s  on 
tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of  procuring  it  both 
pure  and  in  quantity,  is  that  recommended  by  Wbbler.  (Quarterly 
Journal  of  Science,  xx.  177.)  This  process  consists  in  mixing  wolf- 
ram in  fine  powder  with  twice  its  weight  of  carbonate  of  potassa,  and 
fusing  the  mixture  in  a  platinum  crucible.  The  resuttine  tungstate  of 
potassa  is  dissolved  in  hot  water,  mixed  with  about  halfits  weight  of 
muriate  of  ammonia  in  solution,  evaporated  to  dryness,  and  exposed  in 
a  Hessian  crucible  to  a  red  heat.  The  mass  is  well  washed  with 
boiling  water,  and  the  insoluble  matter  digested  in  dilute  potassa  to 
remove  any  tungstic  acid.  The  residue  is  oxide  of  tungsten.  It 
appears  that  in  this  process  the  tungstate  of  potassa  and  muriate  of 
ammonia  mutually  decompose  each  other,  so  that  the  dry  mass 
consists  of  chloride  of  potassium  and  tungstate  of  ammonia.  The 
elements  of  the  latter  react  on  each  other  at  a  red  heat,  giving  rise  to 
water,  nitrogen  gas,  and  oxide  of  tungsten ;  and  this  compound  is 
protected  from  oxidation  by  the  fused  chloride  of  potassium  with 
which  it  is  enveloped.  This  oxide  is  also  formed  by  putting  tungstic 
acid  in  contact  with  zinc  in  dilute  muriatic  acid.  The  tungstic  acid 
first  becomes  blue  and  then  assumes  a  copper  colour ;  but  the  oxide 
in  this  state  can  with  difficnlty  be  preserved,  as  by  exposure  to  the 
air,  and  even  under  the  surface  of  water,  it  absorbs  oxygen,  and  is 
reconverted  into  tungstic  acid. 

Oxide  of  tungsten,  when  prepared  by  means  of  hydrogen  gas  has  a 
1)rown  colour,  and  when  polished  acquires  the  colour  of  copper  ;  but 
when  procured  by  Wohler's  process,  it  is  nearly  black.  It  does  not 
unite,  so  far  as  is  known,  with  acids;  arid  when  heated  to  near 
redness,  it  takes  fire  and  yields  tungstic  acid.* 

Chlorides  of  Tungsten-— According  to  Wohler,  tungsten  and  chlo- 
rine unite  in  three  proportions.  The  perchloride  is  generated  by 
beating  the  oxide  of  tungsten  in  chlprine  gas.  The  action  is  attended 
'With  the  appearance  of  combustion,  dense  fumes  arise,  and  a  thick 
sublimate  is  obtained  in  the  form  of  white  scales,  like  native  boracic 
acid.  It  is  volatile  at  a  low  temperature  without  previous  fusion.  It 
is  converted  by  the  action  of  water  into  tungstic  and  muriatic  acids, 
and  must,  therefore,  in  composition,  be  proportional  to  tungstic  acid  ; 
that  is,  it  consists  of  96  parts  or  one  equivalent  of  tungsten,  and  lOS 
part^  or  three  equivalents  df  chlorine. 

When  metallic  tungsten  is  heated  in  chlorine  gas,  it  takes  fire,  and 
yields  the  deutochloride.  The  compound  appears  in  the  form  of 
delicate  fine  needles,  of  a  deep  red  colour  resembling  wool,  but  more 
frequently  as  a  deep  red  fused  mass,  which  has  the  brilliant  fracture 
of  cinnabar.  When  heated,  it  fuses,  boils,  and  yields  a  red  vapour. 
-By  water,  it  is  changed  into  muriatic  acid  and  oxide  of  tungsten.  It 
is  entirely  dissolved  by  solution  of  pure  potassa,  with  disengagement 
of  hydrogen  gas,  yielding  muriate  and  tungstate  of  potassa.  A  similar 
change  is  produced  by  ammonia,  except  that  some  oxide  of  tungsten 
is  left  undissolved. 

Another  chloride  has  been  described  by  Wohler.    It  is  formed  at 
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the  same  time  as  the  first ;  and  though  it  is  converted  into  muriatie 
and  tungstic  acids  by  the  action  of  water,  and  would  thus  seem 
identical  with  the  perchloride  in  the  proportion  of  its  elements,  its 
other  properties  are  nevertheless  different.  It  is  the  most  beautiful  of 
all  these  compounds,  existing  in  long  transparent  crystals  of  a  fine  red 
colour.  It  is  very  fusible  and  volatile,  and  its  vapour  is  red  like  that 
of  nitrous  acid.  The  difference  between  this  compound  and  the 
chloride  first  described,  has  not  yet  been  discovered. 

The  compounds  of  tungsten  with  the  other  simple  substances  have 
been  very  little  or  not  at  all  examined. 

Columbium. 

This  metal  was  discovered  in  1801  by  Mr  Hatchett,  who  detected 
It  in  a  black  mineral  belonging  to  the  British  museum,  supposed  to 
have  come  from  Massachusetts  in  North  America,  and,  from  this 
circumstance,  applied  to  it  the  name  of  columbium.  About  two  years 
after,  M.  Ekeberg,  a  Swedish  chemist,  extracted  the  same  substance 
from  tantalUe  and  yttro-tantalite  ;  and,  on  the  supposition  of  its 
being  different  from  columbium,  described  it  under  the  name  of  ton- 
ialvaa.  The  identity  of  these  metals,  however,  was  established  in 
the  year  1809  by  Dr  Wollaston. 

Columbic  acid  is  with  difficulty  reduced  to  the  metallic  state  by  the 
action  of  heat  and  charcoal ;  but  Berzelius  succeeded  in  obtaining 
this  metal  by  the  same  process  which  he  employed  in  the  preparation 
of  zirconium  and  silicium,  namely,  by  heating  potassium  with  the 
double  fluoride  of  potassium  and  columbium.  (l^Jurbuehder  Chemie^ 
ii.  120".)  On  washing  the  reduced  mass  with  hot  water,  in  order  to 
remove  the  fluoride  of  potassium,  columbium  is  left  in  the  form  of  a 
black  powder.  In  this  state  it  does  not  conduct  electricity ;  but  in  a 
denser  state  it  is  a  perfect  conductor.  By  pressure  it  acquires  metallic 
lustre,  and  has  an  iron  gray  colour.  It  is  not  fusible  at  the  tempera- 
ture at  which  glass  is  fused.  When  heated  in  the  open  air,  it  takes 
fire  considerably  below  the  temperature  of  ignition,  and  glows  with  a 
vivid  light,  yielding  columbic  acid.  It  is  scarcely  at  all  acted  on  by 
the  sulphuric,  muriatic,  or  nitro- muriatic  acid ;  whereas  it  is  dissolved 
with  heat  and  disengagement  of  hydrogen  gas  by  hydrofluoric  acid, 
and  still  more  easily  by  a  mixture  of  nitric  and  hydrofluoric  acids.  It 
is  also  converted  into  columbic  acid  by  fusion  with  hydrate  of  potassa, 
the  hydrogen  gas  of  the  water  being  evolved. 

Columbium  unites  with  oxygen  in  two  proportions,  giving  rise  to 
an  oxide  and  an  acid.  The  oxygen  in  these  compounds  is  in  the  ratio 
of  2  to  3 ;  and  the  experiments  of  Berzelius  lead  to  the  inference  that 
the  oxide  is  formed  of  185  parts  or  one ,  equivalent  of  columbium, 
united  ^with  16  parts*  or  two  equivalent^  of  oxygen,  and  the  acid,  of 
one  equivalent  of  the  metal  to  three  of  oxygen.  But  the  combining 
proportion  of  the  acid  is  not  known  with  such  certainty  as  altogether 
to  establish  the  accuracy  of  this  opinion. 

The  03iide  of  columbium  is  generated  by  placing  columbic  acid  in  a 
crucible  lined  with  charcoal,  luting  carefully  to  exclude  atmospheric 
air,  and  exposing  it  for  an  hour  and  a  half  to  intense  heat.  The  acid, 
where  in  direct  contact  with  charcoal,  is  entirely  reduced ;  but  the 
film  of  metal  is  very  thin.  The  interior  portions  are  pure  oxide  of  a 
dark-gray  colour,  very  hard  and  coherent.  When  reduced  to  powder, 
its  colour  IS  dark  brown.  It  is  not  attacked  by  any  acid,  even  by 
nitro-hydrofluoric  acid;  but  it  is  converted  into  columbic  acid  either 
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liy  ftisioD  with  hydrate  of  potaraa,  or  deflagration  with  nitre.  When 
heated  to  low  redness,  it  takes  fire,  and' glows,  yielding  a  light  gray 
powder ;  but  in  this  way  it  is  never  completely  oxidized.  Berzellus 
states  that  this  oxide,  in  onion  with  protoxide  of  iron  and  a  little 
protoxide  of  manganese,  occurs  at  Kimito  in  Finland,  and  may  b9 
distinguished  from  the  other  ores  of  columbium  byyiel^ng  achesnut- 
bibwn  powder. 

Columbium  exists  in  most  of  its  ores  as  an  acid,  united  either  with 
the  oxides  of  iron  and  manganese,  as  in  tantalile.  or  with  the  earth 
yttria,  as  in  the  yttro-tantalite.  This  acid  is  obtained  by  fusing  its  ore 
with  three  or  four  times  its  weight  of  carbonate  of  potassa,  when  a 
soluble  columbate  of  that  alkali  results,  from  which  columbic  acid  if 
precipitated  as  a  white  hydrate  by  acids.  Berseiius  also  prepares  it 
by  fusion  with  bisulphate  of  potassa.  ^ 

The  hydrated  columbic  acid  is  tasteless;  and  insoluble  in  water ;  but 
when  placed  on  moistened  litmus  paper,  it  communicates  a  red  tinge. 
It  is  dissolved  by  the  sulphuric,  muriatic,  and  some  vegetable  acids ; 
but  it  does  not  diminish  their  acidity,  or  appear  to  form  definite  com- 
pounds with  them.  With  alkalies  it  unites  readily ;  and  though  it 
does  not  neutralize  their  properties  completely,  crystallized  salts  may 
be  obtained  by  evaporation.  When  the  hydrated  acid  is  heated  to 
redness,  water  is  expelled,  and  the  anhydrous  columbic  acid  remains. 
In  this  state  it  is  attacked  by  alkalies  only. 

Chloride  of  Columbium.'^Whea  columbium  is  heated  in  chlorine 
gas,  it  takes  fire  and  bums  actively,  yielding  a  yellow  vapour,  which 
condenses  in  the  cold  parts  of  the  apparatus  in  the  form  of  a  white 

Bswder  with  a  tint  of  yellow.  Its  texture  is  not  in  the  least  crystalline. 
y  contact  with  water,  it  is  converted,  with  a  hissing  noise  and  in- 
crease, of  temperature,  into  columbic  and  muriatic  acids.- 

SvUpkuret  of  CohAmbiwn.^^Th\8  compound,  first  prepared  by  Rose, 
is  generated,  with  the  phenomena  of  combustion,  when  columbium  is 
heated  to  commencing  redness  in  the  vapour  of  sulphur;  or  by  trans- 
mitting the  vapour  of  sulphuret  of  carbon  over  columbic  acid  in  a 
porcelain  tube  at  a  white  heat,  carbonic  oxide  being  also  evolved. 

Berzelios  has  also  described  a  compound  of  columbium  and  fluorine. 
The  other  compounds  of  columbium  have  been  scarcely  or  not  at  all 
examined. 


SECTION  XVII. 
jLj>rTJMOJvir. 

Antimony  sometimes  occurs  native ;  but  its  only  ore  which  is  abun* 
dant,  and  from  which  the  antimony  of  commerce  is  derived,  is  the 
sulphuret.  This  sulphuret  was  lon^;  regarded  as  the  metal  itself,  and 
was  called  antimony,  or  crude  anUmany  ,*  while  Uie  pure  metal  was 
termed  the  regulua  ofanHmony, 

Metallic  antimony  may  be  obtained  either  by  heating  the  native 
sulphuret  in  a  covered  crucible  with  half  its  weight  of  iron  filings ;  or 
by  mixing  it  with  two-thirds  of  its  weight  of  cream  of  tartar  and  one- 
»third  of  nitre,  and  throwing  the  mixture,  in  small  successive  portions, 
into  a  red-hot  crucible.  By  the  first  process,  the  sulphur  unites  with 
hon,  and  in  the  second,  it  is  expelled  in  thelorm  of  sulphurous  acid ; 
D  d 
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while  the  fosed  antiiBciiyf  which  in  hoth  eases  collecti  it  the  bottom 
of  the  crucible,  may  be  drawn  off  and  received  inmoulda.  The  aDti« 
mony,  thus  obtained,  is  not  absolutely  pure ;  and  therefore,  forcheBii<* 
cal  purposes,  should  be  procured  by  heating  the  oxide  with  an  equal 
weight  of  cream  of  tartar. 

Antimony  is  a  brittle  metal,  of  a  white  colour  running  into  bluish« 
gray,  and  is  possessed  of  considerable  lustre.  Its  density  is  about  6.7. 
At  810°  F.  it  fuses ;  and  when  slowly  cooled,  sometimes  crysullizes 
in  octahedral  or  dodecahedral  crystals.  Its  structure  is  highly  la* 
mellated.  It  has  the  character  of  being  a  volatile  metal ;  but  Thenard 
found  that  it  beara  an  intense  white  heat  without  subliming,  provided 
atmospheric  air  be  perfectly  excluded,  and  no  gaseous  matters,  such 
as  carbonic  acid  or  watery  vapour,  be  disengaged  during  the  process. 
Its  surface  tarnishes  by  exposure  to  the  atmosphere ;  and  by  the  con- 
tinued action  of  air  and  moisture,  a  dark  matter  is  formed  which  Ber- 
zelius  regards  as  a  definite  compound.  It  appears,  however,  to  be" 
merely  a  mixture  of  the  real  protoxide  and  metallic  antimony.  Heat" 
ed  to  a  white  or  even  full  red  heat  in  a  covered  crucible,  and  then 
suddenly  exposed  to  the  air,  it  inflames,  and  bums  with  a  white  light. 

During  the  combustion  a  white  vapour  rises,  which  condenses  on 
cool  surfaces,  frequently  in  the  form  of  small  shining  needles  of 
silvery  whiteness.  These  crystals  were  formerly  called  argentine 
flowers  of  antimony,  and  in  chemical  works  are  generally  described 
as  the  deutoxide  of  antimony ;  but  according  to  Berzelius  they  are  a 
protoxide,  an  opinion  which  I  believe  to  be  correct. 

The  chemists  who  have  paid  most  attention  to  the  oxides  of  anti- 
mony are  Thenard*,  Proustf,  Beraelius^,  and  Thomson^.  The 
former  maintained  the  existence  of  six,  tbe  second  of  two,  the  third 
of  four,  and  the  last  of  three  oxides  of  antimony.  The  opinion  of  Dr 
Thomson  is  410W  admitted  by  most  chemists ;  and  there  is  reason 
to  believe  that  the  proportions  which  he  has  assigned  to  these  oxides 
are  very  near  the  truth. 

Antimony.  Oxygen, 

Protoxide        .        44  or  one  equivalent,         8  s=  52 
Deutoxide       .44  ...  12  s  56 

,  Peroxide         .44  ...  16  as  60 

Protoxide. — When  the  muriate  of  the  protoxide  of  antimony,  made 
by  boiling  the  sulphuret  In  niuriatic  acid,  (page  243)  is  poured  into 
water,  a  white  curdy  precipitate,  formerly  called /joioder  ofAlgaroth, 
subsides,  which  is  a  submuriate  of  tbe  protoxide  |j.  On  digesting  this 
salt  in  a  solution  of  carbonate  of  potassa,  and  then  edulcorating  it  with 
water,  the  protoxide  is  obtained  in  a  state  of  purity.  It  may  also  be 
procured  directly,  by  adding  the  carbonate  of  potassa  to  a  solution  of 

*  An.  de  Chimie,  vol.  xxxii.  f  Journal  de  Physique,  vol.  Iv. 

An.  de  Chimie,  vol.  Ixxxiii;  and  An.  de  Ch.  et  de  Ph.  vol.  xvii. 

First  Principles,  vol.  ii. 

As  there  is  no  instance  known  of  an  insoluble  muriate,  it  is  not 
probable  that  tbe  powder  of  AlgjPHroth  is  a  submuriate  of  the  protoxide 
of  antimony.  Dr  Duncan  suggests  that  this  preparation  is  probably 
Dr  Thomson's  dichloride  of  antimony,'  consisting  of  obe  equivalent 
of  chlorine  and  two  equivalents  of  antimony ;  but  this  is  not  likely,  as 
Dr  Thomson  states  that  the  dichloride  is  partially  soluble  in  water. 
Upbn  the  whole,  it  seems  most  probable,  ^t  the  powder  of  Algaroth 
is  essentially  the  protoxide  of  antimony  merely  contaminated  with  a 
small  portion  of  muriatic  acid.    B. 
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tartar  emetic.  It  is  also  generated  during  the  combustion  of  metallic 
antimony ;  but,  as  thus  formed,  I  apprehend  it  is  not  quite  pure. 

Protoxide  of  antimony,  when  prepared  in  the  moist  way,  is  a  white 
powder  with  a  somewhat  dirty  appearance.  When  heated  it  acquiree 
ft  yellow  tint,  and  at  a  dull  red  heat  in  close  vessels  it  is  fused,  yield'' 
ing  a  yellow  6uid,  which  becomes  an  opake  grayish  crystalline  mase 
on  cooling.  It  is  very  volatile,  and  if  protected  from  atmospheric  air 
may  be  sublimed  completely  without  change.  When  heated  in  open 
vessels,  it  absorbs  oxygen ;  and  when  the  temperature  is  suddenly 
raised,  and  the  oxide  is  porous,  it  takes  fire  and  bums.  It  both  cases 
the  deutoxide  is  generated.  It  is  the  only  oxide  of  antimony  which 
forms  regular  salts  with  acids,  and  is  the  base  of  the  medicinal  pre- 
paration tartar  emetic,  the  tartrate  of  antimony  and  potassa.  Most 
of  its  salts,  however,  are  either  insoluble  in  water,  or,  like  the  muriate 
of  antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid 
for  the  acid  being  greater  than  that  of  the  acid  for  the  oxide  of  anti- 
mony. This  oxide  is  therefore  a  feeble  base;  and,  indeed,  possesses 
the  property  of  uniting  with  alkalies.  To  the  foregoing  remark, 
however,  the  tartrate  of  antimony  and  potassa  is  an  exception ;  for  [t 
dissolves  readily  <  in  water  without  change.  By  excess  of  tartaric 
or  muriatic  acid,  the  insoluble  salts  of  antimony  may  be  rendered  ^ 
soluble  in  water. 

The  presence  of  antimony  in  solution  is  easily  detected  by  sulphu- 
retted hydrogen.  This  gas  occasions  an  orange- coloured  precipitate, 
the  hydrated  piotosulphuret  of  antimony,  which  is  soluble  in  pure  pot- 
assa, and  is  dissolved  with  disengagement  of  sulphuretted  hydrogen 

gas  by  hot  murtftti*  *oul,  -foviuiag;  a  solution  fzom  whioh  the  whito 
eubmuriate  is  precipitated  by  water** 

Deutoxide.  When  metallic  antimony  is  digested  in  strong  nitric 
lacid,  the  metal  is  oxidized  at  the  expense  of  the  acid,  and  a  white 
hydrate  of  the  peroxide  is  formed ;  and  on  expodng  this  substance  to 
a  red  heat,  it  gives  out  water  and  oxygen  gas,  and  is  converted  into 
the  deutoxide.  It  is  also  generated  when  the  protoxide  is  exposed  to 
heat  in  open  vessels.  Thus,  on  heating  sulphuret  of  antimony  with 
free  exposure  to  the  air,  sulphurous  acid  and  protoxide  of  antimony 
are  generated;  but  on  continuing  the  roasting  until  all  the  sulphur  is 
burned,  the  protoxide  gradually  absorbs  oxygen  and  passes  into  the 
deutoxide.  Hence  this  oxide  is  formed  in  the  process  for  preparing 
the  pulvis  antinumtalis  of  the  pharmacopoeia. 

The  deutoxide  of  antimony  is  white,  infusible,  and  fixed  in  the  fire, 
two  characters  by  which  it  is  readily  distinguished  from  the  protoxide. 
Xt  is  insoluble  in  water,  and  likewise  in  acids  after  being  heated  to  red<» 
sess.  It  combines  with  alkalies,  and  for  this  reason  it  has  been  called 
antimonious  add,  and  its  salts  antimonites,  by  Berzelius.  The  an- 
timonious  acid  is  precipitated  from  these  salts  by  acids  as  a  hydrate, 
which  reddens  litmus  paper,  and  is  dissolved  by  muriatic  and  tartaric 
acids,  though  without  appearing  to  form  with  them  definite  com- 
pounds. 

The  peroxide  of  antimony,  or  antimonie  add,  is  obtained  as  a  white 
hydrate,  either  by  digesting  the  metal  in  strong  nitric  acid,  or  by  dis- 
solving it  in  nitro-muriatie  acid,  concentrating  by  heat  to  expel  ex- 
cess of  acid,  and  throwing  tne  solution  into  water.  When  recently 
precipitated  it  reddens  litmus  paper,  and  may  be  dissolved  in  water 

*  For  an  account  of  the  means  of  detecting  antimony  ia  mixed  fluids, 
for  the  purpose  of  judicial  inquiry,  the  reader  may  consult  an  essay 
PQ  that  s«bje<;t  in  the  liMical  end  Surgical  Journal  for  1827. 
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by  meaBB  of  mQri«lie  or  tartaric  acida.  It  doea  not  enter  Into  definite 
combination  with  acids,  but  with  allcalies  forms  salts,  which  are  called 
aflttmonio/ca.  When  the  hydrated  peroxide  is  exposed  to  a  tempe- 
rature of  600''  or  600**  F.  the  water  is  evolved,  and  the  pure  peroxide 
of  a  yellow  colour  remains.  In  this  state  it  resists  the  action  of  mu- 
riatic acid.  When  exposed  to  a  red  heat,  it  parts  with  oxygen,  and  ia 
converted  into  the  deutoxide. 

Chlorides  of  Jintimony,  When  antimony  in  powder  is  thrown  into 
ajar  of  chlorine  gas,  combustion  ensues,  and  the  protochloride  of  an- 
timony is  generated.  The  same  compound  may  be  formed  by  distil- 
ling a  mixture  of  antimony  with  about  twice  and  a  half  its  weight  of 
corrosive  sublimate,  when  the  volatile  chloride  of  antimony  passes 
over  into  the  recipient,  and  metallic  mercury  remains  in  the  retort. 
At  common  temperatures  it  is  a  soft  solid,  thence  called  butter  of  an- 
timony,  which  is  liquefied  by  gentle  heat,  and  crystallizes  on  cool- 
ing. It  deliquesces  on  exposure  to  the  air ;  and  when  mixed  with 
water,  is  converted  into  muriatic  acid  and  protoxide  of  antimony.  If 
a  large  quantity  of  water  is  employed,  the  whole  of  the  oxide  subsides 
as  the  submuriate. 

The  bichloride  is  generated  by  passing  dry  chlorine  gas  over  heated 
metallic  antimony.  It  is  a  transparent  volatile  liquid,  which  emits 
fumes  on  exposure  to  the  air.  Mixed  with  water,  it  is  converted  into 
muriatic  acid  and  the  hydrated  peroxide,  which  subsides.  It  contains 
twice  as  much  chlorine  as  the  protochloride,  or  is  composed  of  one 
equivalent  of  antimony,  and  two  equivalents  of  chlorine.  (Rose  in 
the  Annals  of  Philosophy,  N.  S.  vol.  x.) 

Dr  ThomeoD,  ia  kia  ^(  Fi*«i  PrSB«tple«^^  has  desvnlMsd  Huotfaor  chlo* 

ride  of  antimony,  composed  of  one  equivalent  of  chlorine  and  two 
equivalents  of  the  metal.    It  is,  therefore,  a  dichloride, 

Sulphurets  of  Antimony.  The  native  sulphuret  of  antimony  is  of 
a  lead-gray  colour,  and  though  generally  compact,  sometimes  occurs  m 
acicular  crystals,  or  in  rhomMc  prisms.  When  heated  in  close  vessels^ 
it  enters  into  fusion  without  undergoing  any  other  change.  Boiled  ia 
hot  muriatic  acid,  it  is  dissolved  with  disengagement  of  sulphuretted  hy- 
drogen. The  experiments  of  Berzelius,  Dr  Davy,  and  Thomson,  leavo 
no  doubt  of  its  being  analogous  in  composition  to  the  protoxide  pf  aii« 
timony,  that  is,  consisting  of  one  equivalent  of  each  of  its  elements. 
.It  may  be  formed  artificially  by  fusing  together  antimony  and  sulphuric 
or  b]^  transmitting  a  current  of  sulphuretted  hydrogen  gas  through  a 
solution  of  tartar  emetic.  The  orange  precipitate,  which  subsides  in 
the  last  mentioned  process,  is  commonly  regarded  as  the  hydrosnU 
phuret  of  the  oxide  of  antimony.  In  my  opinion  it  is  a  hydrated  sul- 
phuret of  the  metal;  for  when  well  washed  and  treated  by  sulphuric 
acid,  it  does  not  yield  a  trace  of  sulphuretted  hydrogen. 

When  sulphuret  of  antimony  ia  boiled  in  a  solution  of  potassa,  a 
liquid  is  obtained,  from  which,  as  it  cools,  an  orange-coloured  matter, 
called  Kennes  mineral,  is  deposited ;  and  on  subsequently  neutralizing 
the  cold  solution  with  an  acid,  an  additional  quantity  of  a  similar  subt 
stance,  the  golden  sulphuret  of  the  pharmacopoeia,  subsides.  Both 
these  compounds,  thus  procured,  are  essentially  the  same  as  the  hy« 
drated  sulphuret  above  described.  The  action  of  the  alkali  on  the 
sulphuret  of  antimony  admits  of  a  two-fold  explanation.  It  is  possible 
that  the  latter  may  be  dissolved  directly  by  Uie  former,  and  that  it  ia 
again  deposited  when  the  alkali  is  neutralized.  It  is  more  probable, 
however,  that  the  elements  of  water  and  the  sulphuret  of  antimony 
react  on  one  another,  forming  sulphuretted  hydrogen  and  protoxide  of 
antimony  ;  and  that  the  liquid  contains  a  double  salt,  composed  of  ono 
'^^uivalent  of  pouasa,  one  equjyalent  of  the  protoxide  of  aatimony,  an4 
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one  equivilent  ef  sulphuretted  hydrogen.  On  neutralizing  the  potessa 
with  an  acid,  sulphuretted  hydrogen  and  the  protoxide  are  set  at  liberty, 
and  by  mutual  reaction  of  their  elements  are  reconverted  into  water 
and  protosuiphuret  of  antimony. 

Tiie  sesquisulphuret  is  formed,  according  to  M.  Rose,  hy  trans- 
miiting  sulphuretted  hydrogen  gas  through  a  solution  of  the  deutozide 
of  antimony  in  dilute  muriatic  acid.  (Annals  oT  Philosophy,  N.  S. 
vol.  X.) 

M.  Rose  formed  the  hiaulphwet,  consisting  of  one  equivalent  of 
antimony  and  two  equivalents  of  sulphur,  by  the  action  of  sulphuret-' 
ted  hydrogen  on  a  solution  of  the  peroxide.  The  golden  sulphuret, 
prepared  by  boiliag  sulphuret  of  antimony  and  sulphur  in  solution  of 
potassa,  a  process  whicn  is  not  adopted  by  either  of  our  Colleges,  is 
a  bisulphuret. 

M.  Rose  has  likewise  demonstrated  that  the  red  antimany  of 
Mineralogists  (rolhspiesglanzerz)  is  a  compound  of  one  equivalent 
of  the  protoxide,  combined  with  two  equivalents  of  the  protosuiphuret 
of  antimony.  The  pharmaceutic  preparations  known  by  the  terms 
afglassy  Kver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
less  definite  in  composition,  owin|  to  the  mode  by  which  they  are 
prepared.  They  are  made  by  roasting  the  native  sulphuret,  so  as  to 
form  sulphurous  acid  and  oxide  of  antimony,  and  then  vitrifyine  the 
oxide  together  with  the  undecomposed  ore,  by  means  of  a  strong  neat. 
The  product  will  of  course  differ  according  as  more  or  less  of  the 
sulphuret  escapes  oxidation  during  the  process. 


^  SECTION  XVIII. 

UBJLN'IUM.    CERIUM.    COABLT.    J^ICKEL, 

Uranium. 

Uranium  was  discovered  in  the  year  1789  by  Klaproth  in  a  mineral 
of  Saxony,  called  from  its  black  colour  pitchblende,  which  consists 
of  the  protoxide  of  uranium  and  oxide  of  iron.  From  this  ore  the 
uranium  may  be  conveniently  extracted  by  the  following  process.-* 
After  heating  the  mineral  to  redness,  and  reducing  it  to  fine  powder,  it 
is  digested  in  pure  nitric  acid  diluted  with  three  or  four  parts  of 
water,  taking  the  precaution  to^employ  a  larger  quantity  of  the  mineral 
than  the  nitric  acid  present  can  dissolve.  By  this  mode  of  operatin^^y 
the  protoxide  is  converted  into  the  peroxide  of  uranium,  which  unites 
with  the  nitric  acid  almost  to  the  total  exclusion  of  the  iron.  A  cur« 
rent  of  sulphuretted  hydrogen  gas  is  then  transmitted  through  tbo 
solution,  in  order  to  separate  lead  and  copper,  the  sulphurets  oiwhich 
are  always  mixed  with  pitchblende.  The  solution  is  boiled  to  expel 
the  free  sulphuretted  hydrogen,  and,  after  l)eing  concentrated  by 
evaporation,  is  set  aside  to  crystallize.  The  nitrate  of  uranium  is 
gradually  deposited  in  flattened  four-sided  prisms  of  a  beautiful  lemon* 
yellow  colour. 

The  properties  of  metallic  uranium  are  as  yet  known  imperfectly. 
It  was  prepared  by  Arfwedson,  by  conducting  hydrogen  gas  over  thn 
protoxide  of  uranium  heated  in  a  glass  tube.  The  substance  obtained 
Dd2 
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by  this  proceM  was  crystalline,  of  a  raetalHe  lostre,  and  of  a  raddish- 
brawn  colour.  It  suffered  no  change  on  exposure  to  air  at  common 
temperatures ;  but  when  heated  in  open  vessels  absorbed  oxygen,  and 
was  reconverted  into  the  protoxide.  From  its  lustre»  it  was  inferred 
to  be  metallic  uranium. 

'  Chemists  are  acquainted  with  two  compounds  of  uranium  and  oxy-. 
gen,  the  composition  of  which  has  been  minutely  studied  by  Arfwed* 
son*  and  Thomsonf.  According  to  the  chemist  last  mentioned* 
whose  experiments  are  the  most  recent*  the  equivalent  of  uranium  is 
208,  and  its  oxides  are  composed  of 

Uranium,  Oxygen. 

Protoxide        .  208  .  8  sb  216 

Peroxide  208  .        16  <=  224 

According  to  the  analyses  of  Arfwedson,  216  is  the  atomic  weight 
of  uranium,  and  the  oxygen  in  its  two  oxides  is  in  the  ratio  of  1  to 
1.5;  and  Berzelius,  from  the  composition  of  three  salts  of  uranium* 
has  arrived  at  a  similar  conclusion. 

The  protoxide  oCuranium  is  of  a  very  dark  green  colour,  and  is  obtained 
by  decomposing  the  nitrate  of  the  peroxide  by  heat.  It  is  exceedingly 
ii^fusible,  and  bears  any  temperature  hitherto  tried  without  change. 
It  unites  with  acids,  forming  salts  of  a  green  colour.  It  is  readily 
oxidized  by  nitric  acid,  and  yields  a  yellow  solution  which  is  a  nitrate 
of  the  peroxide.  The  protoxide  is  employed  in  the  arts  for  giving  a 
black  colour  to  porcelain. 

The  peroxide  of  uranium  is  of  a  yellow  or  orange  colour,  and  most 
of  its  salts  have  a  similar  tint.  It  not  only  combines  with  acids,  but 
likewise  unites  with  alkaline  bases,  a  property  which  was  first  noticed 
by  Arfwedson.  It  is  precipitated  from  acids  as  a  yellow  hydrate  by 
pure  alkalies,  fixed  or  volatile ;  but  retains  a  portion  of  these  bases  in 
combination.  It  is  thrown  down  as  a  carbonate  by  the  carbonate  of 
soda  or  ammonia,  and  is  redissolved  by  an  excess  of  the- precipitant,  a 
circumstance  which  affords  an  easy  method  of  separating  uranium  from 
iron.  It  is  not  precipitated  by  sulphuretted  hydrogen.  With  ferro- 
cyanate  of  potassa  it  gives  a  brownish-red  precipitate,  not  unlike  tha 
ferrocyanate  of  the  peroxide  of  copper. 

The  -peroxide  of  uranium  is  decomposed  by  a  strong  heat,  and  con« 
▼erted  Into  the  protoxide.    From  its  afiinity  for  alkalies,  it  is  difficult 
to  obtain  it  in  a  state  of  perfect  purity.    It  is  employed  in  the  art« 
^  for  giving  an  orange  colour  to  porcelain. 

Cerium. 

Cerium  was  discovered  in  the  year  1803  by  MM.  Hisineer  and 
3erzellu8,  in  a  rare  Swedish  mineral  known  by  the  name  ofcerites 
and  its  existence  was  recognised  about  the  same  time  by  Klaproih. 
Pr  Thomson  has  since  found  it  to  the  extent  of  thirty-four  per  cent 
In  a  mineral  from  Greenland,  called  AllanUe,  in  honour  of  Mr  Allao» 
who  first  distinguished  it  as  a  distinct  species. 

The  properties  of  cerium  are  in  a  great  measure  unknown.  It  ap* 
pears  from  the  experience  of  Yauquelin,  who  obtained  it  in  minuta 
puttons  pot  larger  than  the  head  of  a  pin,  that  it  is  a  white  brittle 

•  Annals  of  Philosophy,  N.  S.  vol.  vJi. 
I  First  Principles,  vol.  H 
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•metd,  whieh  rasisti  tbe  tetion  of  nitric,  but  if  diffolfwd  by  oitro« 
muriatic  acid.  According  to  an  experiment  made  by  Mr  Children 
and  Dr  Tboroaon,  metaltie  cerium  is  volatile  in  very  intenae  degrees 
of  heat.  (Annals  of  Philosophy,  vol.  ii. ) 

Oxides  of  Cerium* — Cerium  unites  with  oxygen  in  two  proportioiie« 
and  the  composition  of  the  resulting  oxides  has  been  partieulariy 
ftudied  by  M.  Hisinger*.  Dr  Thomsont  has  liicewise  made  expert* 
ments  on  the  subject,  and  infers  from  data  furnished  partly  by  himself 
«nd  partly  by  M.  Hisinger,  that  50  is  the  atomic  weight  of  eerlun» 
and  that  its  oxides  are  thus  conitituted  i^^ 


i 


Protoxide 

Cerium. 
50  . 

a^,«.   ^ 

Deutoxide 

50 

12    «    62  ' 

The  protoxide  of  cerium  is  a  white  powder,  which  is  Insoluble  in 
water,  and  forms  salts  with  acids,  all  of  which,  if  soluble,  have  an 
acid  reaction.  Exposed  to  the^  air  at  common  temperatures  it  suffers 
no  change ;  bnt  if  heated  lit  open  vessels,  it  alMorbs  oxygen  and  is 
convert^  into  the  peroxide.  It  is  precipitated  from  its  salts  as  a  whita 
hydrate  by  pure  alkalies ;  as  a  white  carbonate  by  alkaline  carbonates, 
but  is  redissolved  by  the  precipitant  in  excess;  and  as  a  white 
oxalate  by  the  oxalate  of  ammonia. 

The  peroxide  of  cerium  is  of  a  fawn-red  colour.  It  is  dissolved  by 
several  of  the  acids,  but  is  a  weaker  base  than  the  protoxide.  Digested 
in  muriatic  acid,  chlorine  is  disengaged  and  a  protomuriate  results. 

The  most  convenient  method  of  extracting  pure  oxide  of  cerium 
from  cerite  is  by  the  process  of  Laugier.  After  reducing  the  cerits 
to  powder,  it  is  dissolved  in  nitro-muriatic  acid,  and  the  solution  is 
evaporated  to  perfect  dryness.  The  soluble  parts  are  then  redissolved 
by  water,  and  an  excess  of  ammonia  is  added.  The  precipitate  thus 
formed,  consisting  of  the  oxides  of  iron  and  cerium,  is  well  washed, 
and  afterwards  digested-in  a  solution  of  oxalic  acid,  which  dissolves 
the  iron,  and  forms  an  insoluble  oxalate  with  the  cerium.  By  heating 
this  oxalate  to  redness  in  an  open  fire,  the  acid  is  decomposed,  and 
the  peroxide  of  cerium  is  obtained  in  a  pure  state. 

ShUphwet  of  Cerium. — Dr  Mosaoder  has  succeeded  in  forming 
this  compound  by  two  different  processes.  The  first  method  is  by 
transmitting  the  vapour  of  sulphnret  of  carbon  over  carbonate  of 
cerium  at  a  red  heat ;  and  the  second  is  by  fusing  oxide  of  cerium  at 
a  white  beat  with  a  large  excess  of  sulphuret  of  potassium  {hepar 
■mUphuris)  and  adierwards  removing  the  soluble  parts  by  water.  The 
product  «f  the  first  operation  is  porous,  light,  and  of  a  red  colour  like  ^ 
red  lead;  and  that  of  the  second  is  in  small  brilliant  scales,  and  of  a 
yellow  colour,  like  aurum  musivum.  These  sulphurets,  though  differ^ 
«nt  in  appeaiance,  are  similar  in  point  of  composition,  containing  26 
per  cent  of  sulphur.  They  are  insoluble  in  water,  but  are  dissolved 
in  acids  with  evolution  of  sulphuretted  hydrogen  gas,  without  any 
residuum  of  sulphur.  (Philos.  Mag.  and  Annals,  i.  71.) 

Cobalt. 

This  metal  is  met  with  in  the  earth  chiefly  in  combination  wtA 
srsenic,  constituting  an  ore  from  which  all  the  cobalt  of  commerce  is 


*  Annals'  of  Philosophy,  vol.  ir. 
t  First  Principles,  vol,  i. 
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derived.  It  if  ft  cMiitUBt  iogradient  of  metodrie  iron  ;  at  kast  Prih 
fcuor  Stromeyer  informs  me  tbftt  he  has  analysed  several  varieties, 
in  every  one  of  which  he  has  detected  the  presence  of  cobalt. 

¥rhen  the  native  arseniuret  of  cobalt  is  broken  into  small  pieces, 
and  exposed  in  a  reverberatory  furnace  to  the  united  action  of  heat 
and  air,  its  elements  are  oxidized,  most  of  the  aisenious  acid  is  expelled 
in  Uie  form  of  vapour,  and  an  impure  oxide  of  cobalt,  called  Zaffire^ 
lemains.  On  healing  this  substance  with  a  .mii^ture  of  sand  and 
potassa,  ja  beautiful  blue  coloured  glass  is  obtained,  which,  wheo 
reduced  to  powder,  is  known  by  the  name  of  smaU. 

Metallic  cobalt  may  be  obtained  by  dissolving  zaffre  in  muriatic 
acid,  and  transmitting  through  the  solution  a  current  of  sulphuretted 
hydrogen  gas,  until  the  arsenious  acid  is  completely  separated  in  the 
form  of  snlphuret  of  arsenic;  The  filtered  liquid  is  then  boiled  with 
a  little  nitric  acid,  in  order  to  convert  the  protoxide  into  the  peroxide 
of  iron,  and  an  excess  of  the  carbonate  of  potassa  is  added.  The 
precipitate,  consisting  of  the  peroxide  of  iron  and  carbonate  of  cobalt, 
after  being  well  wasMd  with  water,  is  digested  in  a  solution  of  oxaUe 
ncid,  which  dissolves  the  iron  and  leaves  the  cobalt  m  the  form  of  an 
insoluble  oxalate.  (Laugier.)  On  heating  the  oxalate  of  cobalt  in  a 
retort  from  which  the  atmospheric  air  is  excluded,  a  large  quantity  of 
carbonic  acid  is  evolved,  and  a  black  powder,  metallic  cobalt,  iu  lefa. 
(Thomson  in  Annals  of  Philosophy,  N.S.  i.)  The  pure  metal  is 
easily  procured  also  by  passing  a  current  of  dry  hydrogen  gas  over  the 
oxide  of  cobalt  heated  to  redness  in  a  tube  of  porcelain. 

Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak  metal- 
lic lustre.  Its  density  is  8.638.  It  fuses  at  about  130°  of  Wedgwood, 
and  when  slowly  cooled  it  crystallizes.  It  is  attracted  by  the  mag^ 
net,  and  is  susceptible  of  being  rendered  permanently  magnetic.  It 
undergoes  little  chaage  in  the  air,  but  absorbs  oxygen  when  heated  in 
open  vessels.  It  is  attacked  with  difficulty  by  sulphuric  or  muriatic 
acid,  but  is  readily  oxidized  by  means  of  nitric  acid. 

Oxides  of  CobalL — Chemists  are  acquainted  with  two  oxides  of 
cobalt.  According  to  the  experiments  of  Rothoff*,  the  protoxide  ia 
composed  of  29.6  parts  of  cobalt  and  8  parts  of  oxygen,  so  that  the 
atomic  weight  of  cobalt  is  29.6.  Dr  Thomson,  on  the  contfary,  infers 
from  his  analysis  of  the  sulphate  of  cobalt,  that  2B  is  the  e*quivalent  of 
this  metal.  From  this  discordance  it  may  be  doubted  if  the  atomic 
weii^t  of  cobalt  is  known  with  certainty.  According  to  Rothoff,  the 
oxyeen  contained  in  the  two  oxides  is  as  1  to  1.5. 

The  protoxide  is  of  an  ash-gray  colour,  and  is  the  basis  of  the  sallB 
of -cobalt,  moat  of  which  are  of  a  pink  hue.  When  heated  to  rednesf 
in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  the  peroxida. 
It  may  be  prepared  by  decomposing  carbonate  of  cobalt  by  beat  in  a 
vessel  from  which  the  atmospheric  air  is  excluded.  It  is  easily  r»- 
cognised  by  giving  a  blue  tint  to  borax  when  melted  with-it;  and  is 
employed  in  the  arts,  in  the  form  of  smalt,  for  communicating  a  aimi*  * 
lar  colour  to  glass,  earthenware,  and  porcelain.  «  .     . 

The  protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  potaasa 
as  a  blue  hydrate,  which  absorbs  oxygen  from  the  air,  and  gradually 
becomes  black.  Pure  ammonia  likewise  causes  a  blue  precipitate, 
whtch  is  redissolved  by  the  alkali  if  in  excess.  It  is  thrown  down  aa 
a  pale  pink  carbonate  by  the  carbonate  of  potassa,  soda.  Or  aYaihonia  ; 
b.ut  an  excess  of  the  last  redissolves  it  with  facility.    Sulphuretted  by- 
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drogen  produces  no  change,  unless  the  solation  is  qdte  neutni,  or  the 
oxide  is  combined  with  a  weak  acid.  Atlcaline  hydrosolphurets  alwaye 
precipitate  it  as  the  black  sulphuret  of  cobalt. 

The  muriate  of  cobalt  is  celebrated  as  a  sympathetic  ink.  ¥^eD 
diluted  with  water  so  as  to  form  a  pale  pink  solution,  and  then  em* 
ployed  as  ink,  the  letters,  which  are  invisible  ia  the  cold,  become  bhw 
if  gently  heated. 

The  peroxide  of  cobalt  is  of  a  black  colour,  and  Is  easily  formed 
from  the  protoxide  In  the  way  already  mentioned.  It  does  not  unite 
with  aci<ib ;  and  when  digested  in  muriatic  acid,  the  protomuriate  of 
cobalt  is  generated  with  disengagement  of  chlorine.  When  stroDgdy 
heated  in  close  vessels,  it  gives  off  oxygen,  and  is  converted  into  the 
protoxide. 

The  compounds  of  cobalt  with  Uie  other  poii»metallie  bodies  hare 
hitherU)  been  little  examined. 

Mckel 

'  Nickel  is  a  constituent  of  meteoric  iron.  It  occurs  likewise  In  the 
copper-coloured  mineral  of  Westphalia,  termed  copper-niekel,  a  native 
arseniuret  of  nickel,  which,  in  addition  to  its  chief  constituents,  con- 
tains sulphur,  iron,  cobalt,  and  copper.  The  preparations  of  nickel 
may  either  be  made  from  this  minerai  or  from  the  artificial  arseniuret 
called  speiss,  a  metallurgic  production  obtakied  in  forming  smalt -from 
tiie  roasted  ores  of  cobalt.  Various  processes  have  been  devised  for 
procuring  a  pure  salt  of  nickel,  but  the  following  appears  to  me  9B 
simple  and  perhaps  as  successful  as  any.  After  reducing  speiss  to  fint 
powder.  It  is  dig;e«ted  in  sulphuric  acid,  to  which  a'  fourth  part  of  nitrie 
Acid  is  added ;  and  when  the  solution  Is  saturated  with  nickel,  it  is  set 
Aside  for  several  hours  in  order  that  arsenious  acid  may  separate,  and 
then  filtered.  The  clear  liquid  is  subsequently  mixed  with  a  solutioo 
of  sulphate  of  potassa,  and  set  aside  to  crystallize  spontaneously ; 
when  a  double  salt,  the  sulphate  of  nickel  and  potassa,  is  deposited. 
Dt  Thomson,  who  proposed  ibis  jprocess,  states  that  the  crystals  thuf 
iobtained  are  quite  free  from  arsenic  and  iron,  and  contain  no  impuri^> 
jties  except  copper  and  cobalt.  The  former  is  easily  precipitated  m 
sulphuret  b^  a  current  of  sulphuretted  hydroEen  gas,  a  little  free  nlm 
phuric  acidodng  previously  added ;  and  at  the  same  time  any  tracei 
Af  arsenic,  if  present,  would  likewise  subside  as  orpiment.  The  filter* 
ed  liquid  is  then  heated  to  expel  freis  sulphuretted  hydrogen,  and  the 
oxides  of  nickel  and  cobalt  precipitated  by  carbonate  of  potassa.  The 
separation  of  these  oxides  may  then  be  effected  by  the  method  sug- 
gested by  M.  Berthier.  The  mixed  hydrates,  after  being  well  washed, 
are  suspended  in  water  through  which  chlorine  is  transmitted  to  sato* 
ration.  All  the  jcobalt,  and  generally  some  nickel.  Is  converted  into 
peroxide  and  thus  rendered  insoluble ;  while  the  greater  part  of  the 
nickel  is  dissolved  in  the  form  of  muriate,  and  may  bo  removed  from 
the  insoluble  peroxides  by  filtration. 

-  Metallic  nickel,  which  may  be  prepared  either  by  heating  the  oze» 
late  in  close  vessels,  or  by  the  combkied  action  of  heat  and  chareoal 
or  hydrogen  on  the. oxide  of  nickel,  iaof  a  white  colour,  intermediate 
between  that  of  tin  and  silver.  It  has  a  strong  metallic  lustre,  and  ie 
both  ductile  and  malleable.  It  is  attracted  by  the  magnet,  and  like 
iron  a^  cobalt  may  be  rendered  magnetic.  Its  specific  gravity  after 
fusion  is  about  8.279,  and  is  increased  lo  near  9.0  by  hammering. 

Il^ickel  is  exceedingly  infusible,  even  more  so  than  pure  iron.  It 
fllfffiy  i|o  diange  »t  common  temperatoiei  by  eKpesuro  to  air  wA 
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noiftaRr;  but  It  absortM  oxyg«n  at  a  red  heat,  though  not  rapidly,  and 
IS  partially  oaidized.  The  muriatic  and  sulphuric  acids  act  upon- it 
with  difficulty.  By  the  nitric  acid,  it  is  readily  oa^idlzed,  and  forms  « 
nitrate  of  the -protoxide  of  nickel. 

Nickel  is  susceptible  of  tyro  stages  of  oxidation.  According  to  the 
«xperiBiei»ts  of  Berzeiius,  Berthier,  and  Tboioson,  (he  combining  pro- 
portioQ  of  nickel  is  26,  and  that  of  its  protoxide  34.  The  protoxide 
may  hence  be  regarded  as  a  compound  of  one  equivalent  of  each  ele- 
ment. (Edinburgh  Journal  of  Science,  No.  zHi.  157.)-  The  peroxide 
of  nickel  has  been  less  fully  examined  than  the  protoxide ;  but  from 
seme  experiments  of  Rothoif,  it  vppeAta  to  consist  of  26  parts  or  one 
eqniFaleftt  of  nickel,  and  12  parts  or  one  equivalent  and  a  half  of 
oxygen. 

T&e  pvotoxide  of  nickel  may  be  formed  by  heafting  the  carbonate, 
oxalate,  or  nitrate  to  redness  in  an  open  vessel,  and  is  then  of  an  ash* 
gray  colour;  but  after  being  heated  to  whiteness,  its  colour  is  a  dull 
olive-green.  It  is  not  attracted  by  the  magnet.  It  is  a  strong  alka- 
line base,  and  nearly  all  its  salts  have  a  green  tint.  It  is  precipitated 
M  a  hydrate  of  a  pale  green  colour  by  the  pure  alkalies,  but  is  redis- 
solved  by  ammonia  in  excess ;  as  a  pale  green  carbonate  by  alkaline 
carbonates,  but  is  dissolved  by  an  excess  of  the  carbonate  of  ammonia; 
and  as  a  black  sulphuret  by  alkaline  hydrosulphurets.  Sulphuretted 
hydrogen  occasions  no  precipitate,  unless  the  solution  is  quite  neutral*, 
or  the  oxide  combined  with  a  weak  acid. 

The  peroxide  of  nickel  is  of  a  black  colour,  and  is  formed  by  trans* 
mitting  chlorine  gas  through  water,  in  which  the  hydrate  of  the  prot<^ 
oxide  is  suspended.  The  peroxide  of  nickel  does  not  unite  with  acids» 
ia.  decomposed  by  a  red  Heat,  and  with  hot  muriatic  acid  forms  a  proton 
muriate  with  disengagement  of  chlorine  gas^  ' 


SECTION  XIX. 

BISMTTTH,    TITAJ^IUM,    TMLLtXRIUM. 

Bismuth. 

■  Bisinvtb  is  found  in  the  earth  both  native  and  in  combination  witb 
other  ^bstances,  such  as  sulphur,  oxygen,  and  arsenic.  That  which 
is  employed  in  the  arts  is  derived  cbiefty  from  native  bismuth,  and 
eofflroonly  contains  small  quantities  of  sulphur,  iron^  and  copper.  It 
may  be  obtained  pure  for  chemical  purposes  by  heating  the  oxide  ot 
subnitrate  to  redness  along  with  charcoal. 

Bismuth  has  a  reddish-white  colour  and  considerable  lustre.  Its 
stractare  is  highly  lamellated,  and  when  slowly  cooled,  it  crystallizes 
In  octahedrons.  Its  density  is  about  10.  It  is  brittle  when  cold,  boi 
nay  be  hammered  into  plates  while  warm.  At  47^°'  F.  it  fuses,  and 
tablianes  in  close  vessels  at  about  30°  of  Wedgwood.  It  is  a  less  per- 
fect conductor  of  caloric  than  most  other  metals. 

BisQiuth  undergoes  little  change  by  exposure  to  ttlf  at  common  tesh- 
peratures.  When  fused  in  open  vessels,  its  sorfaee  bedomes  covered 
#ith  a  gray  film*  which  is  a  mixture  of  metallic  bismuth  with  the  oxide 
of  the  metal.    Heated  to  iU  sublimiog  point,  it  biims  wkb  a  blaish« 
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while  flame,  and  emlta  eoplom  fames  ef  the  oxide  ef  liiOTiutli.  The 
metal  is  attacked  with .  difficulty  by  muriatic  or  milphorie  aeid»  but  it 
ie  readily  oxidized  aod  dissolved  by  nitric  acid. 

Obeide  of  ^tsmtc^A.— This  metal  unites  with  oxygen  in  one  propor- 
tion only,  forming  a  yellow-coloured  oxide,  which  may  be  easily  pro- 
cured by  heating  the  subnitrate  to  redness.-  At  a  full  red  heat  it  ie 
fused,  and  yields  a  transparent  yellow  glass.  At  a  still  higher  tempo- 
rature  it  is  sublimed,  tt  unites  with  acids,  and  roost  of  its  salts  are 
white.  According  to  the  experiments  of  Dr  J.  Davy*,  it  is  composed 
of  72  parts  of  bismuth,  and  8  parts  of  oxygen,  and  therefore  72  is  the 
atomic  weight  of  bismuth,  and  80  the  equivalent  of  its  oxide.  Tfaie  . 
result  is  confirmed  by  the  researches  of  Dr  Thomsonf. 

When  the  nitrate  of  bismuth,  either  in  solution  or  in  crystals,  is  put 
ilhte  water,  a  copious  precipitate,  the  subultrate,  of  a  beau  tifol^  while 
colour  subsides,  which  was  formerly  called  the  magistery  ofbisnuah. 
From  itS' whiteness,  it  is  sometimes  employed  aa  a  paint  for  improving 
the  complexion;  but  it  is  an  inconvenient  pigment,  owing  to  the  faci- 
lity with  which  it  is  blackened  by  sulphuretted  hydrogen.  If  the  ni- 
trate with  which  it  is  made  contains  no  excess  of  acid,  and  a  large 
quantity  of  water  is  employed,  the  whole  of  the  bismuth  is  separated 
as  a  subnitrate.  By  this  character  bismuth  may  be  both  distinguished 
and  separated  from  other  metals. 

Chloride  of  Binnuth, — When  bismuth  In  fine  powder  is  introduced 
into  chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue  light,  and  is  con- 
verted fnto  a  chloride,  formerly  termed  butter  of  bismuth.  It  may  be 
prepared  conveniently  by  heating  two  parts  of  corrosive  soblimate  with 
one  of  bismuth,  and  afterwards  expelling  the  excess  of  the  former,  to* 
gether  with  the  metallic  mercury,  by  heat. 

The  chloride  of  bismuth  is  of  a  grayish-while  colour,  opake,  and  of 
a  granular  texture.  It  fuses  at  a  temperature  a  little  above  that  at 
which  the  metal  itself  is  liquefied,  and  bears  a  red. heat  in  close  vessels 
without  subliming.*  (Dr  Davy.)  From  the  experiments  of  Drs  Davy 
and  Thomson,  it  appears  to  consist  of  one  equivalent  of  each  of  its 
elements.' 

SkUpkuret  of  BinmUh^-^T^i»  sulphuret  Is  found  native,  and  may 
be  formed  artificially  by  fusing  bismuth  with  sulphur.  It  is  of  a  lead* 
gray  colour,  and  metallic  lustre.  The  experiments  of  Dr  Davy, 
Thomson,  and  LagerhielmJ  leave  no  doubt  of  \th  beine  composed  of 
one  equivalent  of  bismuth  and  one  equivalent  of  sulphur.  I  appre- 
hend the  dark  brown  precipitate  caused  by  the  action  of  sulphuretted 
hydrogen  on  the  salts  of  bismuth  Is  likewise  a  protosulphuret. 

Titanium. 

Titanium  was  first  recognised  as  a  new  substance  by  Mr  Gregor  of 
Cornwall,  and  its  existence  was  afterwards  established  by  Elaproth.§ 
But  the  properties  of  the  metal  were  not  ascertained  in  a  satisfactory 
manner  until  the  year  1822;  when  Dr  Wollaston(|  was  led  to  examine 
some  minute  crjrstals  which  were  found  in  a  slag  at  the  bottom  of  a 
smelting  furnace  at  the  great  iron  works  at  Merthyr  Tydvil  in  Wales, 
and  presented  to  him  by  Mr  Buckland.  These  crystals,  which  have 
since  been  found  at  other  iron  works,  are  of  a  cut^ic  form,  and  in 
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•okMir  and  Initre  vtt  like  bumiihed  copper.  Thtif  eondact  eleetriel^i 
•od  are  attracted  slightlv  by  the  mai^net,  a  property  which  seems 
owing  to  the  presence  of  a  minute  quantity  of  iron.  Their  specifia 
gravity  is  6.3  (  and  their  hardness  so  great,  that  they  scratch  a  polished 
•ur&ce  of  rock  crystal.  They  are  exceedingly  infusible ;  but  when 
•xposed  to  the  united  action  of  heat  and  air,  their  surface  becomes 
covered  with  a  purple  coloured  film  which  is  an  oxide.  They  resist 
the  action  of  nitric  and  nitro- muriatic  acids,  but  are  completely  oxi- 
dised by  being  strongly  heated  with  nitre.  They  are  then  converted 
ioto  a  white  substance,  which  possesses  all  the  properties  of  the  peroxide 
•f  titanium.  By  this  character  they  are  proved  to  be  metallic  titanium. 
Chndea  of  TUanium* — ^This  metal  has  probably  two  degrees  of  ox* 
Idation.  The  protoxide  is  of  a  purple  colour,  and  is  supposed  to 
exist  pure  in  the  mineral  called  anatiue;  but  its  composition  and 
chemical  properties  are  unknown.  The  peroxide  exists  in  a  nearly  ■ 
pure-state  in  the  titanite  or  rutile.  The  menaccanite,  in  which  titanium 
was  originally  discovered  by  Mr  Gregor,  is  a  compound  of  the  oxides 
of  titanium,  iron,  and  manganese.  This  oxide  is  best  prepared  from 
nitile.  The  mineral,  after  being  reduced  to  an  exceedingly  fine  pow« 
der,  is  fused  in  a  phitinum  crucible  with  three  ^times  Ua  weight  of 
carbonate  of  potassa,  and  the  mass  afterwards  washed  with  water  to 
remove  the  excess  of  alkali.  A  gray  mass  remains,  which  consists 
of  potassa  and  oxide  of  titanium.  This  compound  is  dissolved  in  con- 
centrated muriatic  acid;  and,  on  diluting  with  water,  and  boiling  the 
solution,  the  greater  part  of  the  oxide  of  titanium  is  thrown  down.  It 
is  then  collected  on  a  filter,  and  well  washed  with  water  acidulated 
with  muriatic  acid.  In  this  state,  the  oxide  is  not  quite  pura ;  hut 
contains  a  little  oxide  of  manganese  and  iron,  derived  from  the  rutile. 
The  best  mode  of  separating  these  impurities,  is  to  digest  the  preci- 
pitate, while  still  moist,  with  hydrosulphuret  of  ammonia,  which  con- 
verts the  oxides  of  iron  and  manganese  Into  sulphurets,  but  does  not 
act  on  the  oxide  of  titanium.  The  two  sulphurets  are  readily  dissolv- 
ed by  dilute  muriatic  acid ;  and  the  oxide  of  titanium,  after  being,  col- 
lected on  a  filter  and  well  Washed,  as  before,  may  be  dried  and  heated 
to  redness.  This  method  was  proposed  by  Professor  Rose  of  Berlin. 
(An.  de  Ch.  et  de  Physique,  xxiii.) 

The  peroxide  of  titanium,  when  pure,  is  quite  white.  It  is  exceed* 
ingly  infusible  and  difficult  of  reduction;  and  after  being  once  ignited, 
ceases  to  be  soluble  in  acids.  M.  Rose  has  observed  that,,  like  silica, 
it  possesses  weak  acid  properties.  Thus  he  finds  that  it  unites  readily 
with  alkalies,  and  denies  its  power  of  acting  as  an  alkaline  base.  On 
this  account  he  proposes  for  it  the  name  of  titanic  acid.  In  the  state 
of  hydrate,  as  when  precipitated  from  muriatic  acid  by  belling,  or 
when  combined  with  an  alkali  after  fusion,  it  has  a  singular  tendency 
to  pass  through  the  pores  of  a  filter  when  washed  with  pure  water; 
but  the  presence  of  a  little  acid,  alkali,  of  a  salt,  prevents  this  incon* 
venience.  After  exposure  to  a  red  beat,  it  is  not  attacked  by  acids, 
except  by  the  hydrofluoric. 

If  previously  ignited  with  carbonate  of  potassa,  the  oxide  of  titanium 
is  soluble  in  dilute  muriatic  acid ;  but  it  is  retained  in  solution  by  so 
feeble  an  attraction^  that  it  is  precipitated  merely  by  boiling.  It  is 
likewise^thrown  down  by  the  pure  and  carbonated  alkalies,  both  fixed 
and  volatile.  A  solution  of  gatl-nuts  causes  an  orange-red  colour, 
which  is  very  characteristic  of  the  presence  of  titanium .  When  a  rod 
of  zinc  is  suspended  in  the  solution,  a  purple-coloured  powder,  pro- 
bably the  protoxide,  is  precipitated,  which  is  gradually  reconverted 
Into  the  peroxide* 
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The  atomic  weight  of  titanium,  as  deduced  by  Dr  Thomson  from 
experiments  made  by  M.  Rose  and  by  himself,  is  32.  Titanic  acid 
is  inferred,  from  the  same  data,  to  be  composed  of  32  parts,  or  one 
equivalent  of  titanium,  and  16  parts  or  two  equivalents  of  oxygen. 
The  combining  proportion  of  the  peroxide  of  titanium,  and  its  chemi- 
cal constitution,  have  not,  however,  been  ascertained  with  certainty. 

Chloride  of  Titanium. — This  substance  was  first  prepared  in  the 
year  1824  by  Mr  George  of  Leeds,  by  transmitting  dry  chlorine  gas 
over  metallic  titanium  at  a  red  heat.  At  common  temperatures,  it  is 
a  transparent  colourless  fluid  of  considerable  specific  gravity,  boils 
violently  at  a  temperature  a  little  above  212°  F.  and  condenses  again  ' 
without  change.  In  open  vessels,  it  is  attacked  by  the  moisture  of 
the  atmosphere,  and  emits  dense  white  fumes  of  a  pungent  odour 
similar  to  that  of  chlorine,  but  not  so  offensive.  On  adding  a  few 
drops  of  water  to  a  few  drops  of  the  liquid,  a  very  rapid,  almost  ex- 
plosive, disengagement  of  chlorine  ^as  ensues,  attended  with  con- 
siderable increase  of  temperature;  and  if  the  water  is  not  in  excess,  a 
solid  residue  is  obtained.  This  substance  is  deliquescent,  soluble  in 
v^ater,  and  its  solution  possesses  all  the  characters  of  muriate  of 
titanium.  ^ 

The  composition  of  this  chloride  has  not  been  satisfactorily  establish- 
ed ;  but  it  contains  more  chlorine  than  is  capable  of  uniting  with  the 
hydrogen  derived  from  water,  when  the  oxygen  of  that  fluid  converts 
titanium  into  the  peroxide. 

Sulphuret  of  Titanium. — ^This  compound  was  discovered  by  Rose, 
who  prepared  it  by  transmitting  the  vapour  of  sulphuret  of  carbon 
over  the  peroxide  of  titanium,  heated  to  whiteness  in  a  tube  of  por- 
celain. It  occurs  in  thick  green  masses,  which  by  the  least  friction 
acquire  a  dark  yellow  colour  and  metallic  lustre.  When  heated  in 
the  open  air,  it  is  converted  into  sulphurous  acid  and  oxide  of  titanium. 
By  acids  it  is  slowly  decomposed,  and  is  dissolved  by  muriatic  acid 
with  disengagement  of  sulphuretted  hydrogen,  gas.  According  to 
the  experiments  of  Rose,  it  is  proportional  to  the  peroxide  of  titanium, 
consisting  of  32  parts  or  one  equivalent  of  titanium,  and  32  parts  or 
two  equivalents  of  sulphur. 

TeUurium. 

Tellurium  is  a  rare  metal,  hitherto  found  only  in  the  gold  mines  of 
Transylvania,  and  even  there  in  very  small  quantity.  Its  existence 
was  inferred  by,MiilIer  in  the  year  1782,  and  fully  established  in  1798 
by  Elaproth.*  It  occurs  in  the  metallic  state,  chiefly  in  combination 
with  gold  and  silver. 

Tellurium  has  a  tin-white  colour  running  into  lead-gray,  a  strong 
metallic  lustre,  and  lamellated  texture.  It  is  very  brittle,  and  its 
density  is  6.115.  It  fuses  at  a  temperature  below  redness,  and  at  a 
red  heat  is  volatile.  When  heated  before  the  blowpipe,  it  takes  fire, 
bums  rapidly  with  a  blue  flame  bordered  with  green,  and  is  dissipated 
in  gray-coloured  pungent  inodorous  fumes.  The  odour  of  decayed 
'horse-radish  is  sometimes  emitted  during  the  combustion,  and  was 
thought  by  Klaproth  to  be  peculiar  to  tellurium ;  but  Berzeltus  ascribes 
it  solely  to  the  presence  of  selenium. 

Oxide  of  Te//tirttim.— Tellurium  is  rapidly  oxidized  by  nitric  acid. 


*  Contributions,  vol.  iii. 
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and  a  soluble  nitrate  of  the  oxide  results.  The  oxide  is  likewise 
formed  during  the  combustion  of  the  metal.  It  is  of  a  gray  cotour, 
fuses  tit  a  red  beat,  and  at  a  temperature  still  higher  sublimes.  When 
heated  before  the  blowpipe  on  charcoal,  it  is  decomposed  with* 
violence.  It  has  the  property  of  forming  salts  both  with  acids  and 
alkalies.  It  is  precipifated  from  its  solution  in  acids,  as  a  hydrate,  by 
all  the  alkalies  both  pure  and  carbonated ;  but  it  is  redissolved  by  an 
excess  of  the  precipitant.  Alkaline  hydrosulphurets  occasion  a  black 
precipitate,  which  is  probably  a  sulphuret  of  tellurium.  It  is  reduced 
to  the  metallic  state,  and  thrown  down  as  a  black  powder,  by  inser- 
tion of  a  rod  of  zinc,  tin,  antimony,  or  iron. 

According  to  Berzelius,  the  oxide  of  tellurium  is  composed  of  nearly 
82  parts  of  the  metal,  and  8  parts  of  oxygen ;  so  that  32  may  be 
regarded  as  the  atomic  weight  of  tellurium,  and  40  of  its  oxide.  Thfe 
result,  however,  differs  considerably  from  that  of  Klaproth,  and,  there- 
fore, requires  confirmation. 

Tellurium  unites  in  one  proportion  with  chlorine,  and  in  two  pro- 
portions with  hydrogen.  The  most  interesting  of  these  compounds 
is  the  telluretted  hydrogen  gas  discovered  in  the  year  1809  by  Sir  H. 
Davy.  This  gas  is  colourless,  has  an  odour  simi]|i  to  that  of  sul- 
phuretted hydrogen,  and  is  absorbed  by  water,  forming  a  claret- 
coloured  solution.  As  it  unites  with  alkalies,  it  may  be  regarded  as  a 
feeble  acid.  It  reddens  litmus  paper  at  first ;  but  loses  this  property 
after  being  washed  with  water. 


SECTION  XX. 

COPPER, 

Native  copper  is  by  no  means  uncommon.  It  occurs  in  large 
amorphous,  masses  in  some  pafts  of  America,  and  is  sometimes  found 
in  octahedral  crystals,  or  in  forms  allied  to  the  octahedron.  The 
metallic  copper  of  xiommerce  is  extracted  chiefly  from  the  native 
sulphuret. 

Copper  is  distinguished  from  all  other  metals,  titanium  excepted,  by 
having  a  red  colour.  It  receives  a  considerable  lustre  by  polishing. 
Its  density  is  8.78,  and  is  increased  by  hammering.  It  is  both  ductile 
and  malleable,  and  in  tenacity  is  inferior  only  to  iron.  It  is  hard  and 
elastic,  and  consequently  sonorous.  In  fusibility  it  stands  between 
silver  and  gold. 

Copper  undergoes  little  change  in  a  perfectly  dry  atmosphere,  but 
is  rusted  in  a  short  time  by  exposure  to  air  and  moisture,  being  con- 
verted into  a  green  substance,  the  carbonate  of  the  peroxide  of  cop- 
per. At  a  red  heat  it  absorbs  oxygen,  and  is  converted  into  the  perox- 
ide, which  appears  in  the  form  of  black  scales.  It  is  attacked  with 
difficulty  by  muriatic  and  sulphuric  acids,  and  not  at  all  by  the  vege- 
table acids,  if  atmospheric  air  bin  excluded  ;  but  if  air  has  free  access,, 
the  metal  absorbs  oxygen  with  rapidity,  the  attraction  of  the  acid  for 
the  oxide  of  copper  co-operating  with  that  of  the  copper  for  oxygen. 
Nitric  acid  acts  with  violence  on  copper,  forming  a  nitrate  of  the  per- 
oxide. 

Oxides  of  Copper, — ^The  oxides  of  this  metal  have  been  studied 
by  Proust,  Chenevte,  Dr  Davy,  apd  BerzeHus,  and  especially  by  the 


Copper.  351 

former*.    From  the  labours  of  these  chemists,  it  appears  that  there 
ara^Mt  two  oxides  of  copper,  and  that  they  are  tilius  constituted: — 


Copper. 

Oxygen. 

Protoxide 

64 

8     = 

72 

Peroxide 

64 

.      16    = 

80 

Consequently,  if  the  first  be  regarded  as  a  compound  of  one  equi- 
valent of  each  element,  64  is  the  atomic  weight  of  copper.   . 

The  red  or  protoxide  occurs  native  in  the  form  of  octahedral  crys- 
tals, and  is  found  of  peculiar  beauty  in  the  mines  of  Cornwall.  It  may 
be  prepared  artificially  by  mixing  64  parts  of  metallic  copper,  in  a 
state  of  fine  division,  with  80  parts  of  the  peroxide,  and  heating  the 
mixture  to  redness  in  a  close  vessel;  or  by  boiling  a  solution  of  the 
acetate  of  copper  with  sugar,  when  the  peroxide  is  partially  deoxi- 
dized, and  subsides  as  a  red  powder. 

The  protoxide  of  copper  combines  with  the  muriatic,  sulphuric, 
and  probably  with  several  other  acids,  forming  salts,  most  of  which  are 
colourless,  and  from  which  the  protoxide  is  precipitated  as  an  oratige- 
coloured  hydrate  by  alkalies.  They  attract  oxygen  rapidly  from  the 
atmosphere,  by  which  they  are  converted  into  per-salts.  The  proto- 
muriate  is  easily  formed  b^  putting  a  solution  of  the  permuriate  with  • 
free  muriatic  acid  and  copper  filings  into  a  well  closed  glass  phial. 
The  protoxide  of  copper  is  soluble  in  ammonia,  and  the  solution  is 
quite  colourless.  It  becomes  blue,  however,  with  surprising  rapidity 
by  free  exposure  to  air,  owing  to  the  formation  of  the  peroxide. 

The  peroxide  of  copper,  the  copper  black  of  mineralogists,  is  some- 
times found  native,  being  formed  by  the  spontaneous  oxidation  of 
other  ores  of  copper.  It  may  be  prepared  artificially  by  calcining 
metallic  copper,  by  precipitation  from  the  per-salts  of  copper  by  means 
of  pure  potassa,  and  by  heating  the  nitrate  of  copper  to  redness. 

The  peroxide  of  copper  varies  in  colour  from  a  dark  brown  to  a 
bluish-black,  according  to  the  mode  of  formation.  It  undergoes  no 
change  by  heat  alone,  but  is  readily  reduced  to  the  metallic  state  by 
heat  and  combustible  matter.  It  is  insoluble  in  water,  and  does  not 
affect  the  vegetable  blue  colours.  It  combines  with  nearly  all  the 
acids,  and  most  of  its  salts  have  a  green  or  blue  tint.  It  is  soluble 
likewise  in  ammonia,  forming  with  it  a  deep  blue  solution,  a  property 
by  which  the  peroxide  of  copper  is  distinguished  from  all  other  sub- 
stances. 

The  peroxide  of.  copper  is  precipitated  by  pure  potassa  as  a  blue 
hydrate,  which  is  rendered  black  by  boiling,  the  hydrate  being  de- 
composed at  that  temperature.  Pure  ammonia  at  first  throws  down 
a  greenish-blue  insoluble  subsulphatefy^which  is*redissolved  by  the 
precipitant  in  excess,  and  forms  the  deep  blue  ammoniacal  sulphate  of 
copper.  Alkaline  carbonates^  cause  a  bluish-green  precipitate,  the 
carbonate*  of  copper,  which  is  redissolved  by  an  excess  of  carbonate 
of  ammonia.  It  is  precipitated  as  a  dark  brown  btsulphuret  by  sul- 
phuretted hydrogen,  and  as  a  reddish-brown  ferrocyanate  by  the  ferro- 
cyanate  of  potassa.    The  oxide  of  copper  is  thrown  down  of  a  yellow- 

*  Journal  de  Phsyque,  vol.  lix. 

t  Dr  Turner  has  taken  it  for  granted  here,  that  the  ammonia  is  ad- 
ded to  a  solution  of  the  sulphate  of  copper.  The  sentence,  to  make  it 
intelligible  to  the  student,  ought  to  read  thus  :  "  From  the  sulphate 
9f  copper,  pure  ammonia  at  first  throws  down,"  ^c.  B. 
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iflh-iyhite  coloar  by  albumen,  and  M.  Orfila  has  proved  that  this  com- 
pound is  inert,  so  that  albumen  is  an  antidote  to  poisoning  by  copper. 

Copper  is  separated  in  the  metallic  state  by  a  rod  6f  iron  or  zinc. 
The  copper,  thus  obtained,  after  being  washed  with  a  dilutiB  solution  of 
muriatic  acid,  is  chemically  pure. 

The  best  mode  of  detecting  copper,  when  supposed  to  be  present  in 
mixed  fluids,  is  by  sulphuretted  hydrogen.  The  sulphuret,  after  being 
collected,  should  be  placed  on  a  piece  of  porcelain,  and  digested  in  a 
few  drops  of  nitric  acid.  A  sulphate  of  copper  |s  formed,  which,  when 
evaporated  to  dryness,  strikes  the  characteristic  deep  blue  on  thie  ad- 
dition of  ammonia. 

The  red  oxide  of  copper  is  by  some  chemists  supposed  to  be  a  sub- 
oxide, or  a  compound  of  two  atoms  of  copper  and  one  atom  of  oxygen ; 
while  the  elements  of  the  black  oxide  are  thought  to  be  in  the  ratio 
of  one  atom  of  each.  According  to  this  view  the  atomic  weight  of 
copper  is  32  or  half  that  above  stated.  This  opinion,  which  Is  adopted 
by  Dr  Thomson,  is  certainly  supported  by  the  tendency  of  the  red 
oxide  to  absorb  oxygen  and  pass  into  the  state  of  black  oxide ;  and 
other  arguments  may  be  adduced  in  its  favour.  But,  nevertheless; 
as  the  red  oxide  is  unquestionably  a  definite  compound,  capable  of 
uniting  with  acids,  and  proportional  to  several  other  compounds,  such 
'  as  the  protosulphuret  and  protochloride  ofr  copper.  It  appears  to  me 
more  consistent  to  consider  it  as  the  real  protoxide,  composed  of  .pj)e 
atom  of  each  of  Its  elements. 

Cffdorides  of  Copper. — The  chlorides  of  copper  have  been  minutely 
studied  by  Proust  and  Dr  Davy.  From  the  able  researches  of  these 
chemists,  and  especially  of  the  latter,  there  is  no  doubt  that  the  two 
chlorides  are  proportional  to  the  two  oxides  of  copper,  or  that  they  are 
composed  of 

Copper,  Chlorine, 

Protochloride  .  64  .  86 

Perchloride  .  64  .  72  ,  > 

When  copper  filings  are  introduced  into  an  atmosphere  of  chlorine 
gas,  the  metal  takes  fire  spontaneously,  and  both  the  chlorides  are 
generated. 

The  protochloride  may  be  conveniently  prepared  by  heating  cop- 
per filings  with  twice  their  weight  of  corrosive  sublimate.  In  this 
way  it  was  originally  made  by  Mr  Boyle,  who  termed  it  resin  of  cop^ 
per,  from  its  resemblance  to  common  resin.  Proust  procured  it  by 
the  action  of  the  protomuriate  of  tin  on  the  permuriate  of  copper;  and 
also  by  decomposing  the  permuriate  by  heat.  He  gave  it  the  name 
of  white  muriate  of  copper. 

The  protochloride  of  copper  is  fusible  at  a  heat  just  below  redness, 
and  bears  a  red  heat  in  close  vessels  without  subliming.  It  is  insolu- 
ble in  water,  but  dissolves  In  muriatic  acid,  and  is  precipitated  un- 
changed by  water  as  a  white  powder.  Its  colour  varies  with  the 
mode  of  preparation,  being  white,  yellow,  or  dark  brown. 

The  perchloride  is  best  formed  by  exposing  the  permuriate  of  cop- 
per to  a  temperature  not  exceeding  400^  F.  (Dr  Davy.)  It  is  a  pul- 
verulent substance  of  a  yellow  colour,  deliquesces  on  exposure  to  air, 
and  is  reconverted  by  water  into  the  permuriate.  It  parts  widi  half 
its  chlorine  when  strongly  heated,  and  the  protochloride  of  copper  is 
generated. 

Sulphurets  of  Copper, ^The  protosulphuret  of  copper  is  a  naturfil 
production,  v^ell  known  to  mineralogists  under  the  name  of  copper 
glance  ;  and  in  combination  with  sulphuret  of  iron»  it  is  a  constituent 
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of  the  variegated  copper  ore.  It  is  formed  artificially  by  beating  cop* 
per  filings  with  a  third  of  their  weight  of  sulphur.  The  combination 
is  attended  with  such  free  disengagement  of  caloric,  that  the  mass 
becomes  vividly  luminous.  According  to  the  analysis  of  Berzelius, 
it  is  composed  of  64  parts  or  one  equivalent  of  copper,  and  16  parts  or 
one  equivalent  of  sulphur. 

Bisulphuret  of  copper  is  a  constituent  of  copper  pyrites,  in  which  it 
is  combined  with  protosulphuret  of  iron.  It  may  be  formed  artificially 
by  the  action  of  sulphuretted  hydrogen  on  a  per»salt  of  copper.  When 
exposed  to  a  red  heat  in  a  close  vessel,  it  loses  half  its  sulphur,  and  is 
converted  into  the  protosulphuret. 

The  compounds  of  copper  with  the  other  non-metallic  bodies  are 
of  minor  Interest,  and  have  hitherto  been  little  studied. 
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LEAD. 

Native  lead  is  an  exceedingly  rare  production ;  but  in  combination, 
especially  with  sulphur,  it  occurs  in  large  quantity.  All  the  metallic 
lead  of  commerce  is  extracted  from  the  native  sulphuret,  the  galena 
of  mineralogists. 

Lead  has  a  bluish-gray  colour,  and  when  recently  cut,  a  strong 
metallic  lustre ;  but  it  soon  tarnishes  by  exposure  to  the  air.  Its  den- 
sity is  11.358.  It  is  soft,  flexible,  and  inelastic.  It  is  both  malleable 
and  ductile,  possessing  the  former  property  in  particular  to  a  consider- 
able extent.  In  tenacity,  it  is  inferior  to  all  ductile  metals.  It  fuses 
at  about  612^  F.,  and  when  slowly  cooled  forms  octahedral  crystals. 
It  may  be  heated  to  whiteness  in  close  vessels  without  subliming. 
Most  of  the  compounds  of  lead  are  poisonous. 

Lead  absorbs  oxygen  quickly  at  high  temperatures.  When  fused 
in  open  vessels,  a  gray  film  is  formed  upon  its  surface,  which  is  a 
mixture  of  metallic  lead  and  protoxide ;  and  when  strongly  heated, 
it  is  dissipated  in  fumes  of  the  yellow  oxide  of  lead.  In  pure  water, 
it  is  oxidized  with  considerable  rapidity,  yielding  minute  shining, 
brilliantly  white,  crystalline  scales  of  carbonate  of  lead,  the  oxygen 
and  carbonic  acid  being  derived  from  the  atmosphere.  The  presence 
of  saline  matter  in  water  retards  the  oxidation  of  the  lead ;  and  some 
salts,  even  in  exceedingly  minute  quantity,  prevent  it  altogether. 
Many  kinds  of  spring  water,  owing  to  the  salts  which  they  contain, 
do  not  corrode  lead ;  and  hence,  though  intended  for  drinking,  piav 
be  safely  collected  in  leaden  cisterns.  Of  this,  the  water  of  Edinburgh 
is  a  remarkable  instance.  Dr  Christison  is  at  present  occupied  with 
an  experimental  inquiry  on  this  subject,  and  has  already  collected  a 
variety  of  interesting  facts. 

Lead  is  not  attacked  by  the  muriatic  or  the  vegetable  acids,  though 
their  presence,  at  least  in  some  instances,  accelerates  the  absorption 
of  oxygen  from  the  atmosphere  -in  the  same  manner  as  with  cop- 
per. Cold  sulphuric  acid  does  not  act  upon  it ;  but  when  boiled 
in  that  liquid,  the  lead  is  slowly  oxidized  at  the  expense  of  the  add. 
The  only  proper  solvent  for  lead  is  the  nitric  acid.  This  reagent 
oxidizes  it  rapidly,  and  forms  with  its  oxide  a  salt  whick' crystallizes 
in  opake  octahedrons  by  evaporation. 
E  e2 
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Oxides  of  Xead.--Lead  has  three  degrees  of  oxidatioD,  and  the 
compositioD  of  its  oxides,  aa  deterimined  with  great  care  by  Berzelios/  . 
is  as  follows: — 

Lead,  Oxygen. 

Protoxide .     .         104  .  8    =  .  112 

Deutoxide  104  .  12    =    116 

Peroxide        .         104  .  16    ==    120 

Protoxide, — ^This  oxide  is  prepared  on  a  large  scale,  by  collecting- 
the  gray  "film  which  forms  on  the  surface  otmelted  lead,  and  ex- 
posing it  to  beat  and  air  until  it  acquires  a  uniform  yellow  colour. 
In  this  state,  it  is  the  mcutieot  of  commerce ;  and  when  partially 
fused  by  heat,  the  term  litharge  is  applied  to  it.  As  thus  procured, 
it  is  always  mixed  with  the  deutoxide.  It  may  be  obtained  pure  by 
heating  the  carbonate  or  nitrate  to  low  redness  in  a  vessel  from  which 
atmospheric  air  is  excluded. 

The  protoxide  of  lead  has  a  yellow  colour,  is  insoluble  in  water,  fuses 
at  a  red  heat,  and  in  close  vessels  is  fixed  and  unchangeable  in  the 
fire.  Heated  with  combustible  matters,  it  parts  with  oxygen  and  is 
reduced.  From  its  insolubility,  it  does  not  change  the  vegetable 
coburs  under  common  circumstanced;  but  when  rendered  soluble  by 
a  small  quantity  of  acetic  acid,  it  has  ft  distinct  alkaline  reaction.  It 
unites  with  acids,  and  is  the  base  of  all  the  salts  of  lead.  Most  of  its 
salts  are  of  a  white  colour. 

The  protoxide  of  lead  is  pre(^itated  from  its  solutions  by  pure 
alkalies  as  a  white  hydrate,  which  is  redissolved  by  potassa  in  excess ; 
as  a  white  carbonate,  which  is  the  well>known  pigment  tthite  leqd, 
by  alkaline  carbonates ;  as  a  white  sulphate  by  soluble  sulphates ;  as  a 
dark  brown  sulphuret  by  sulphuretted  hydrogen ;  and  as  the  ydlow 
iodide  of  lead  by  hydriodic  acid  or  hydriodate  of  potassa. 

M.  Orfila  has  proved  experimentally  that  the  sulphate  of  lead,  ow- 
ing to  its  insolubility,  is  not  poisonous ;  and,  thererfbre,  the  sulphate  of 
magnesia,  or  any  soluble  sulphate,  readers  the  active  salts  of  lead 
inert. 

The  best  method  of  detecting  the  presence  of  lead  in  wine,  or  other 
suspected  mixed  fluids,  is  by  means  of  sulphuretttd  hydrogen.  The 
sulphuret  of  lead,  after  being  collected  on  a  filter  and  washed,  is  to  be 
digested  in  nitric  acid  diluted  with  twice  its  weight  of  water,  until  the 
dark  colour  of  the  sulphuret  disappears.  The  solution  of  the  nitrate 
of  lead  should  then  be  brouffbt  to  perfect  dryness  on  a  watch  glass,  in 
order  to  expel  the  excess  of  nitric  acid,  and  the  residue  redissolved  in 
a  small  quantity  of  cold  water.  On  dropping  a  particle  of  the  hy- 
dffiodate  of  potassa  into  a  portion  of  this  liquid,  the  yellow  iodide  of 
l^ad  will  instantly  appear. 

The  protoxide  of  lead  unites  readilywith  earthy  substances,  forming 
with  them  a  transparent  colourless  glass.  Owing  to  this  property,  it 
is  much  employed  for  glazing  earthen  ware  and  porcelain.  It  enters 
in  large  quantity  into  the  composition  of  flint  glass*  which  it  renders 
more  fusible,  transparent,  and  uniform. 

Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron  or  zinc. 
The  best  way  of  demonstrating  this  fact  is  by  dissolving  one  part  of 
the  acetate  of  lead  in  sixteen  of  water,  and  suspending  a  piece  of  zinc 
in  the  solution  by  means  of  a  thread.  The  lead  is  deposited  upon' 
the  zinc  in  a  peculiar  arborescent  form,  giving  rise  to  the  appearance 

*  Annals  of  Philosophy,  vol.  xv. 
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called  arh0r  Satumi,    This  is  a  conTenient  qi^tbod  of  obtaioing 
very  pure  metallic  lead. 

Deutoxide, — ^The  deutoxide  of  lead  is  the  minium  or  red  lead  of 
commerce,  which  is  employed  as  a  pigment,  and  in  the  manufacture 
of  flint  glass.  It  is  formed  by  heating  litharge  in  op«i  vessels,  while 
a  current  of  air  is  made  to  play  upon  its  Surface. 

This  oxide  does  not  unite  with  acids.  When  heated  to  redness,  it 
gWes  off  pure  oxygen  gas,  and  is  reconverted  into  the  protoxide. 
When  digested  in  nitric  acid,  it  is  resolved  into  the  protoxide  and  per- 
oxide of  lead,  the  former  of  which  unites  with  the  acid,  while  the  latter 
remains  as  an  insoluble  powder. 

Peroxide, — ^This  oxide  may  be  obtained  by  the  action  of  nitric  acid 
on  minium,  as  just  mentioned ;  but  the  most  convenient  method  of 
preparing  it,  is  by  transmitting  a  current  of  chlorine  gas  through  a 
solution  of  theaeelate  of  lead.  .  In  thia^rocess,  water  is  decomposed ; 
its  hydrogen  uniting  with'  chlorine^  and  its  oxygen  with  the  prot* 
oxide  of  lead,  gives  rise  to  muriatic  acid  and  the  peroxide  of  lead. 

The  peroxide  of  lead  is  of  a  pure  colour,  and  does  not  unite  with 
acids.    It  is  resolved  by  a  red  hea^t  into  the  protoxide  and  oxygen  gas. 

Chloride  of  Lead, — This  compound,  sometimes  called  horn  lead  or 
plwnhum  eomeumj  is  slowly  formed  by  the  action  of  chlorine  gas  on 
thin  plates  of  lead,  and  may  be  obtained  more  easily  by  adding  muriatic 
»eid  or  a  solution  of  sea-salt  to  the  acetate  or  nitri^te  of  lead  dissolved 
in  water.  This  chloride  dissolves  to  a  considerable  extent  in  hot 
water,  especially  when  acidulated  with  muriatic  acid.  In  solution  it 
is  most  probably  a  muriate  of  the  protoxide  of  lead ;  but  in  cooling,  the 
chloride  separates  in  the  form  of  small  acicular  crystals  of  a  white 
colour.  It  fuses  at  a  temperature  below  redness,  and  forms,  as  it 
cools,  a  semi-transparent  horny  mass.  It  bears  a  full  red  heat  in  close 
vessels  without  subliming.  According  to  the  analysis  of  Dr  Davy,  it 
is  composed  of  one  equivalent  of  lead  and  one  equivalent  of  chlo- 
rine. 

The  pigment  called  mineral  or  patent  yelUno  is  a  compound  of  the 
chloride  and  protoxide  of  lead.  It  is  prepared  for  the  purposes  of  the 
arts  by  the  action  of  moistened  sea-salt  on  litharge,  by  which  means 
a  portion  of  Uie  protoxide  is  converted  into  chloride  of  lead,  and  then 
fusing  the  mixture.  Soda  is  settee  during  this  process,  and  is  con- 
verted into  a  carbonate  by  absotofig  carbonic  acid  from  the  atmos- 
phere. 

Iodide  of  lead  is  easily  formed  by  mixing  a  solution  of  hydriodie 
acid  or  hydriodate  of  potassa  with  the  acetate  or  nitrate  of  lead  dis- 
solved in  water.  It  is  of  a  rich  yellow  colour.  It  is  dissolved  bv 
boiling  water,  forming  a  colouriess  solution,  and  is  deposited  on  cool- 
ing in  yellow  crystalline  scales  of  a  brilliant  lustre.^.  It  is  composed  of 
one  equivalent  of  iodine  and  one  equivalent  of  lead. 

Sulphuret  of  lead  may  be  made  artificially,  either  by  heating  to- 
gether lead  apd  sulphur,  or  by  the  action  of  sulphuretted  hydroeen  on 
a  salt  of  lead.  It  is  an  abundant  natural  product,  well  known  by  the 
name  of  galena.  It  consists  of  one  equivalent  of  lead  and  one  equi- 
valent of  sulphur. 
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METALS,  THE  OXIDES  OF  WHICH  ARE  RE- 
DUCED TO  THE  METALLIC  STATE  BY  A 
RED  HEAT. 


SECTION  XXII. 

MERCURY  OR  QUICSTSILVER. 

Mercury  is  found  in  the  native  state,  but  it  occurs  more  commonly 
in  combination  with  sulphur  as  cinnabA'.  Frono^  this  ore,  the  mercury 
of  commerce  may  be  extracted  by  heating  it  with  lime  or  iron  filings, 
by  which  means  the  mercury  m  volatiHzed  and  the  .sulphur  retained. 
As  prepared  on  a  large  scale,  it  is  usually  mixed  in  small  quantity  with 
other  metals,  from  which  it  may  be  purified  by  cautious  distillation. 

Mercury  is  distinguished  from  all  other  metals  by  being  fluid  at  com- 
mon temperatures.  It  has  a  tin- white  colour  and  strong  metallic  lustre. 
It  becomes  solid  at  a  temperature  which  is  89  or  40  degrees  below 
zero ;  and  in  congealing,  evinces  a  stropg  tendency  to  crystallize  in 
octahedrons.  It  contracts  greatly  at  the  moment  of  congelation ;  for 
while  its  density  at  47**  F.  is  13.545,  the  specific  gravity  of  frozen 
mercury  is  15.612.  When  solid  it  is  malleable,  and  may  be  cut  with 
a  knife.  At  680°*  F.  or  near  that  d^ee,  it  enters  into  ebullition,  and 
condenses  again  on  cool  surfaces  intp  metallic  globules. 


*  At  page  37,  Dr  Turner  has  quoted  a  table  from  the  memoir  of 
MM.  Dulong  and  Pettit,  giving  the  boiling  point  of  mercury  at  680°  F, 
and  the  same  number  is  repeated  in  this  place.  If  I  understand  the 
subject  correctly,  this  number  of  Dulong  and  Pettit  is  the  apparent 
boiling  point  of  mercury,  measured  by  that  metal  io  glass,  both  heated 
to  the  boiling  point  of  the  former.  When,  however,  its  boiling  point 
is  determined  by  an  air  thermometer,  which  is  generally  admitted  to 
furnish  true  indications,  the  French  experimenters  make  it  662''.  Ac- 
cording to  Mr  Crighton^  the  boiling  point  of  mercury,  as  ascertained 
by  a  good  mercurial  thermometer,  making  no  corrections  for  the  ex- 
pansion of  the  glass,  or  the  increasing  rate  of  expansion  of  the  mercury 
itself,  is  656**.  This  number  does  not  differ  much  from  the  corrected 
'  number  of  Dulong  and  Pettit ;  and  the  near  coincidence  seems  to  show 
that  there  is  a  pretty  accurate  compensation  between  the  causes  which 
influence  the  correctness  of  the  mercurial  thermometer,  whereby  the 
general  indications  of  the  instrument  do  not  vary  much  froiA  tha 
truth.,  B. 
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Mercury,  if  quite  pure,  is  not  tarnished  in  the  eold  by  exposure  to 
air  and  moisture ;  but  if  it  contain  other  metals,  the  amalgam  of  those 
metals  oxidizes  readily,  and  collects  as  a  film  u(^on  its  surface.  Mer- 
cury is  said  to  be  oxidized  by  Ions  agitation  in  a  bottle  half  full  of  air, 
apd  the  oxide  so  formed  was  called  by  Boerhaave  ethiopa  per  se; 
but  it  is  very  probable  that  the  oxidation  of  mercury  observed  Under 
these  circumstances  was  solely  owinp;  to  the  presence  of  other  metals. 
When  mercury  is  exposed  t6  air  or  oxygen  gas,  while  in  the  form  of 
vapour,  it  slowly  absorbs  pxygen*  and  is  converted  into  the  peroxide 
of  mercury. 

The  only  fields  that  act  on  mercury  are  the  sulphuric  and  nitric  acids. 
The  former  has  no  action  whatever  in  the  cold ;  but  on  the  application 
of  heat,  the  mercury  is'oxidized  at  the  expense  of  the  acid,  pure  sul- 
phurous acid  gas  is  disengaged,  and  ^  sulphate  of  mercury  is  generated* 
Nitric  acid  acts  energetically  iipon  mercury  both  with  and  without  the 
aid  of  heat,  oxidizing  and  dissolving  it  with  evolu|ipn  of  the  deutoxide 
of  nitrogen. 

Oxides  of  Mercury. 

Mercury  is  susceptible  of  two  stages  of  oxidation,  and  both  its  oxides 
are  capable  of  forming  salts  with  acids.  It  appears  from  the  researches 
of  Donovan*  and  Sefstromf,  whose  results  are  confirmed  by  the  ex- 
periments of  Dr  Thomson,  that  these  oxides  are  formed  in  the  follow- 
ing proportions : — 

Mercury.  Oxygen, 

Protoxide        .       200  or  one  equivalent        .       8  =s  208 
Peroxide         .200  .      16  as  216 

Protoxide, — ^TTie  protoxide  of  mercury,  which  is  a  black  powder,  in- 
soluble in  water,  is  best  prepared  by  the  process  recommended  bv 
Donovan.  This  consists  in  mixine:  calomel  briskly  in  a  mortar  with 
pure  potassa  in  excess,  so  as  to  effect  its  decomposition  as  rapidly  as 
possible.  The  protoxide  is  then  to  be  washed  with  cold  water,  and 
dried  spontaneously  In  a  dark  place.  These  precautions  are  rendered 
necessary  by  the  tendency  of  the  protoxide  to  resolve  itself  Into  the 
peroxide  and  metallic  mercury,  a  change  which  is  easily  effected  by 
heat,  by  the  direct  solar  rays,  and  even  by  day-light.  It  is  on  \h^B 
account  very  diflScult  to  procure  the  protoxide  of  fnercury  in  a  state  of 
absolute  purity. 

This  oxide  is  precipitated  from  its  salts,  of  which  the  nitrate  is  the 
most  interesting,  as  the  black  protoxide  by  pure  alkalies  ;  as  a  white 
carbonate,  which  soon  becomes  dark  from  the  loss  of  carbonic  acid, 
by  alkaline  carbonates ;  as  calomel  by  muriatic  acid  or  any  soluble 
muriate ;  and  as  the  black  protosulphuret  by  sulphuretted  hydrogen. 
Of  these  tests,^he  action  of  muriatic  acid  is  the  most  characteristic. 
The  oxide  is  reduced  to  the  metallic  state  by  copper,  phosphoroqs 
add,  or  protomuriate  of  tin. 

Peroxide. — This  oxide  may  be  formed  either  by  the  combined  agency 
o(  heat  and  air,  as  already  mentioned,  or  by  dissolving  mercury  In 
nitric  acid,  and  exposing  the  nitrate  so  formed  to  a  temperature  just 
sufficient  for  expelling  the  whole  of  the  nitric  acid,  It  is  commonly 
Ic^own  by  the  name  of  rc<2/>rm/n^a<e. 

*  Annals  of  Phttosophy,  vol.  ziv.  f  I^i<l*  ^ol.  ill.  p.  85Qu 


358  Mercury.  . 

The  peroxide  of  mercury,  thus  prepared,  is  commonly  in  the  form 
of  shining  crystalline  scales  of  a  red  colour.  It  is  soluble  to  a  small 
extent  in  water,  forming  a  solution  which  has  an  acrid  metallic  taste, 
and  communicates  a  green  colour  to  the  blue  infusion  of  violets. 
When  heated  to  redness,  it  is  converted  into  metallic  mercury  and 
oxygen.~   Long  exposure  to  light  has  a  similar  effect.  (Guibourt.) 

Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate  and  sul- 
phate, are  converted  by  water,  especially  at  a  boiling  temperature, 
into  insoluble  yellow  sub-salts,  and  into  soluble  colourless  super-salts. 
The  oxide  is  separated  fro'm  all  acids  as  a  red,  or  when  hydratic  as  a 
yellow  precipitate,  by  the  pure  and  carbonated  fixed  alkalies.  Ammo- 
nia and  its  carbonate  cause  a  white  precipitate,  which  is  a  double  salt, 
consisting  of  one  equivalent  of  the  acid,  one  equivalent  of  the  perox- 
ide, and  one  equivalent  of  ammonia.  Sulphuretted  hydrogen,  phos- 
phorous acid,  and  protomuriate  of  tin,  reduce  the  peroxide  into  the 
protoxide ;  and  when  added  in  larger  quantity,  the  first  throws  down 
a  black  sulphuret,  and  the  two  latter  metallic  mercury.  The  oxide  is 
readily  reduced  by  insertion  of  a  rod  of  copper. 

Chlorides  of  Mercury. 

Mercury  unites  with  chlorine  in  two  proportions ;  and  the  researches 
of  Sir  H.  Davy  and  Mr  Cbenevix  leave  no  doubt  that  these  compounds 
are  analogous  in  composition  to  the  oxides  of  mercury,  that  is,  are 
composed  of 


Mercury, 

Chlorine, 

Protochloride 

200 

36    = 

236 

Bichloride       . 

200 

72    = 

272 

'  Bichloride, — When  mercury  is  heated  in  chlorine  gas,  it  takes  fire,  ^ 
and  bums  with  a  pale  red  flame,  forming  the  well-known  medicinal  ^ 
preparation  and  virulent  poison,  corrosive  sublimate  or  bichloride  of 
mercury.  It  is  prepared  for  medical  purposes  by  subliming  a  mixture  of 
the  bisulphate  of  the  peroxide  of  mercury,  with  the  chloride  of  sodium 
or  sea-salt.  The  exact  quantities  required  for  mutual  decomposition 
are  296  parts  or  one  equivalent  of  the  bisulphate,  to  120  parts  or  two 
equivalents  of  the  chloride.     Thus, 

One  equivalent  of  the  bisulphate  Two  equivalents  of  the  chlo- 

of  mercury  consists  of  ride  of  sodium  consist  of 

-Sulphuric  acid      .      80  or  two  equiv.  72  or  two  equiv.  of  chlorine. 

Peroxide  of  mercury  216  or  one  equiv.  48  or  two  equiv.  of  sodium. 

296  120 
and  the  products  are. 

One  equivalent  of  the  bichloride  Two  equivalents  of  the  sulphate 

of  mercury  consisting  of  of  soda  consisting  of 

Mercury     200  or  one  equivalent.  Sulphuric  acid  80  or  two  equiv. 

Chlorine      72  or  two  equivalents.  Soda        .        64  or  two  equiv. 

272  144 

The  bichloride  of  mercury,  when  obtained  by  sublimation,  is  a 
semi-transparent  colouriess  substance,  of  a  crystalline  texture.  It  has 
an  acrid,  burning  taste,  and  leaves  a  nauseous  metallic  flavour  on  the 
tongue.  Its  specific  gravity  is  6.2.  It  sublimes  at  a  red  heat  without 
change.    It  requires  twenty  times  its  weight  of  cold,  and  only  twicQ 
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its  weight  of  boiling  water  for  solution,  and  is  deposited  from  the 
latter,  a9  it  cools,  in  the  form  of  prismatic  crystals.  Strong  alcohol 
and  ether  dissolve  it  in  the  same  proportion  as  boiling  water ;  and  it 
is  soluble  in  half  its  weight  of  concentrated  muriatic  acid  at  the 
temperature  of  70f  Fahr.  With  the  muriates  of  ammonia,  potassa, 
soda,  and  several  other  bases,  it  enters  into  combination,  forming 
double  salts,  which  are  more  sohible  than  the  chloride  itself. 

The  bichloride  of  mercury  is  probably  converted,  at  the  moment  of 
being  dissolved,  into  a  muriate  of  the  peroxide ;  at  least  this  view 
may  safely,  be  admitted,  since  allcalies  and  other  reagents  act  upon  it 
precisely  in  the  same  manner  as  on  other  per-salts  of  mercury.  Its 
aqueous  solution  is  gradually  decomposed  by  light,  calomel  being 
deposited. 

The  presence  of  mercury  in  a  fluid  supposed  to  contam  corrosive 
sublimate  may  be  detected  by  concentratiog  and  digesting  it  with  an 
excess  of  pure  potassa.  The  oxide  of  mercury,  which  subsides,  it 
then  sublimed  in  a  small  glass  tube  by  means  of  a  spirit  lamp,  and  ob- 
tained in  the  form  of  metallic  globules.  Dr  Christison  informs  me  that 
this  and  other  processes  recommended  by  medical  jurists  for  the  de- 
tection of  corrosive  sublimate  in  mixed  fluids,  are  not  altogether  satis- 
factory. He  is  at  present  engaged  in  an  inquiry  on  the  subject,  and 
will  soon  make  known  the  result  of  his  researches. 

A  very  elegant  method  of  detecting  the  presence  of  mercury  is  to 
place  a  drop  of  the  suspected  liquid  on  polished  gold,  and  to  touch 
the  moistened  surface  with  a  piece  of  iron  wire  or  the  point  of  a  pen- 
knife, when  the  part  touched  instantly  becbmes  white,  owing  to  the 
formation  of  an  amalgam  of  gold.  This  process  was  originally  sug^ 
gested  by  Mr  Sylvester,  and  has  since  been  simplified  by  Dr  Paris. 
(Medical  Jurisprudence,  by  Paris  and  Fonblanque.) 

Many  animal  and  vegetable  solutions  convert  the  bichloride  of  mer- 
cury into  calomel,  a  portion  of  muriatic  acid  being  set  free  at  the  same 
time.  Some  substances  effect  this  change  slowly ;  while  others,  and 
especially  albumen,  produce  it  in  an  instant.  Thus,  when  a  solution 
of  corroaiye  sublimate  is  mixed  with  albumen,  a  white  flocculent  pre- 
cipitate subsides,  which  M.  Orflla  has  shown  to  be  a  compound  of 
calomel  and  albumen,  and  which  he  has  proved  experimentally  to  be 
inert  (Toxicologie,  vol.  i.)  Consequently,  a  solution  of  the  white  of 
'    eggs  is  an  antidote  to  poisoning  by  corro'sive  sublimate. 

Protochloride, — The  protocbloride  of  mercury,  or  calomfily  is  always 
generated  when  chlorine  comes  in  contact  with  mercury  at  common 
temperatures.  It  may  be  made  by  precipitation,  by  mixing  muriatic 
acid  or  any  soluble  muriate  with  a  solution  of  the  protonitrate  of  mer- 
ctiry.  It  is  more  commonly  prepared  by  sublimation.  This  is  con- 
Tcniently  done  by  mixing  272  parts  or  one  equivalent  of  the  bichlo- 
Hde  with  200  parts  or  one  equivalent  of  mercury,  until  the  metallic 
globules  entirely  disappear,  and  then  subliming.  When  first  prepared 
it  is  always  mixed  with  some  corrosive  sublimate,  and  therefore  should 
be- reduced  to  powder  and  well  washed  before  being  employed  for 
chemical  or  medical  purposes. 

The  protocbloride  of  mercury  is  a  rare  mineral  production,  called 
horn  quicksilver,  which  occurs  crystallized  in  quadrangular  prisms, 
terminated  by  pyramids.  When  obtained  by  sublimation  it  is  in  semi- 
transparent  crystalline  cakes ;  but  as  formed  by  precipitation,  It  is  a 
white  powder.  Its  density  is  7,2.  It  is  distinguished  from  the  bi- 
chloride by  not  being  poisonous,  by  having  no  taste,  and  by  being  ex- 
ceedingly insoluble  in  water.  Acids  have  little  effect  upon  it ;  but 
pure  alkalies  decompose  it,  separating  the  black  protoxide  of  mercury 
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and  uniting  with  muriatic  acid, — products  which  necessarily  imply  the 
decomposition  of  water.    When  calomel  is  boiled  in  a  solution  of  the  . 
muriate  of  ammonia,  it  is  converted   into  corrosive  sublimate  and 
metallic  mercury.    Muriate  of  soda  has  a  similar  effect,  though  in  a 
less  degree. 

Jodtd^  qf  Mercury, — The  protiodide  is  formed  by  mixing  a  solu* 
tion  of  (he  piotonitrate  of  mercury  with  the  hydriodate  of  potassa ; 
and  the  deuiiodtde,  by  the  action  of  the  same  hydriodate  on  any  per* 
salt  of  mercury.  The  former  is  yellow,  and  is  composed  of  one 
equivalent  of  iodine  and  one  equivalent  of  mercury.  The  other  is  of 
an  exceedingly  rich  red  colour,  and  may  be  used  with  advantage  in 

glinting.  It  contains  twice  as  much  iodine  as  the  yellow  iodide* 
oth  these  compounds  are  insoluble  in  pure  watv*  but  are  dissolved 
by  a  solution  of  the  hydriodate  of  potassa. 

Bieyanuret  of  Mercury. -^This  compound  is  best  prepared  by  boil- 
'ing,  in  any  convenient  quantity  of  water,  eight  parts  of  finely  levigat- 
edferrocyanate  of  the  peroxide  of  iron,  quite  pure  and  welltlried  on 
a  sand  bath,  with  eleven  parts  of  the  peroxide  of  mercury  in  powder, 
until  the  blue  colour  of  the  ferrocyanate  entirely  disappears.  A  colour* 
less  s^ution  is  formed,  which,  when  filtered  sakI  concentrated  by  eva- 
poration, yields  crystals  of  bieyanuret  ofmercury  in  the  form  of  quad* 
rangular  prisms.  In  this  pro  cess,  the  oxygen  of  the  oxide  ofmercury  unites 
with  the  iron  and  hydrogen  of  the  ferrocyanic  acid ;  while  the  metallic 
mercury  enters  into  combination  with  the  cyanogen.  The  brown  in- 
soluble matter  is  peroxide  of  iron.  Pure  ferrocyanate  of  iron  is  easily 
procured  by  digesting  common  Prussian  blue  of  commerce  with  muria- 
tic acid  diluted  with  ten  parts  of  water,  so  as  to  remove  the  subsul- 
phate  of  iron  and  alumina  and  other  impurities  which  it  comm9oly 
contains,  and  then  edulcorating  the  insoluble  ferrocyanate  till  the  free 
acid  is  removed.  (Edinburgh  Journal  of  Science,  No.  x.) 

The  bieyanuret  of  mercury,  when  pure,  is  cplouriess  and  inodorous, 
has  a  very  disagreeable  metallic  taste,  and  is  highly  poisonous.  It 
does  not  affect  the  colour  of  litmus  or  turmeric  paper.  When  strongly 
heated  it  is  converted  into  cyanogen  and  metallic  mercury.  (Page  250.) 
It  is  more  soluble  in  hot  than  m  cold  water,  and  dissolves  in  that 
liquid  without  change.  The  solution  has  not  the  characteristic  odour 
of  the  salts  of  hydrocyanic  acid,  nor  do  alkalies  throw  down  the  oxide 
of  mercury.  It  is  composed  of  200  parts  or  one  equivalent  ofmercury, 
and  62  parts  or  two  equivalents  of  cyanogen. 

Sulphureta  of  Mercury, — The  protosulphuret  of  mercury  roay  be 
prepared  by  transmitting  a  current  of  sulphuretted  hydrogen  gas 
through  a  dilute  solution  of  the  protonitrate  ofmercury,  or  through  water 
in  which  calomel  is  suspended.  It  is  a  bjack-coloured  substance,  con- 
vertible into  the  sulphate  of  mercury  by  digestion  in  strong  nitric  acid. 
When  exposed  to  heat,  it  is  resolved  into  the  bisulphuret  and  metallic 
mercury.  It  is  composed  of  200  parts  or  one  equivalent  of  mercury, 
and  lOsparts  or  one  equivalent  of  sulphur. 

The  bbulphuret  is  formed  by  fusing  sulphur  with  about  six  timee 
its  weight  of  mercury,  and  subliming  iii  close  vessels.  When  procur* 
ed  by  this  process  it  has  a  red  colour,  and  is  known  by  the  name  of 
facHtioua  cinnabar.  Its  tint  is  greatly  improved  by  being  reduced 
to  powder,  in  which  state  it  forms  the  beautiful  pigment  vermilionm 
It  maybe  obtained  in  the  moist  way  by  pouring  a  solution  of  corrosive 
sublimate  into  an  excess  of  hydrosulphuret  of  ammonia.  A  black  pre* 
cipitate  subsides,  which  acquires  the  usual  red  colour  of  cinnabar  when 
sublimed.    I  apprehend  the  black  precipitate  formed  by  the  actioB  of 
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sulphuretted  hydrogen  on  bicyanuret  of  mercury,  is  likewise  a  hi* 
sttlphuret.    Cinnabar,  as  already  mentioned,  occurs  native. 

When  ecj^al  parts  of  sulphur  and  mercury  are  triturated  together 
until  metallic  globules  cease  to  be  visible,  the  dark  coloured  mass  c»ll«> 
ed  etJUops  mineral  results,  which  Mr  Brando  has  proved  to  be  a  mix- 
ture of  sulphur  and  bisulphuret  of  mercury.  (Journal  of  Science,  vol. 
zviii.  p.2»4.) 

Cinnabar  is  not  attacked  by  alkalies,  or  any  simple  acid;  but  it  is 
dissolved  by  the  nitro-muriatlc  acid,  with  formation  of  sulphuric  acid 
and  the  oxide  of  mercury.  M.  Guibourt  has  shown  that  it  Is  com- 
posed of  one  equivalent  of  mercury  and  two  equivalents  of  sulphur*. 


SECTION  XXIII. 


SILVER, 


This  metal  frequently  occurs  native  in  silver  mines,  both  massive 
and  in  octahedral  or  cubic  crystals.  It  is  also  found  in  combination 
with  several  other  metals,  such  as  gold,  antimony,  copper,  and  arsenic, 
and  with  sulphur. 

Pure  silver  may  be  obtained  for  chemi  cal  purposes  by  placing  a 
clean  piece  of  copper  in  a  solution  of  the  nitrate  of  silver,  washing  the 
precipitated  metal  with  pure  water,  and  then  digesting  it  in  ammonia, 
in  order  to  remove  any  adhering  copper.  It  may  also  be  prepajed 
from  the  chloride  of  silver,  either  by  exposing  that  compound  mixed 
with  a  pure  or  carbonated  alkali  to  a  strong  heat  in  a  black  lead  cruel- 
ble,  or  by  transmitting  over  it  a  current  of  hydrogen  gas,  when  heat- 
ed to  redness  in  a  tube  of  porcelain. 

Silver  has  the  clearest  white  colour  of  all  the  metals,  and  is  suscep- 
tible of  receiving  a  lustre  surpassed  only  by  polished  steel.  In  mal- 
leability and  ductility,  it  is  inferior  only  to  gold,  and  Its  tenacity  is  con- 
siderable. It  is  very  soft  when  pure,  so  that  it  may  4).e  cut  with  a 
knife.  Its  density  after  being  hammered  is  10.61.  At  20*"  or  22°  of 
Wedgwood's  pyrometer  it  fuses. 

Pure  silver  does  not  rust  by  exposure  to  air  and  moisture,  nor  is  it 
oxidized  by  fusion  in  open  vessels.  It  appears,  indeed,  that  a  film  of 
oxide  is  formed  when  melted  silvej  is  exposed  to  a  current  of  air  or 
oxyeen  gas ;  but  it  spontaneously  parts  with  the  oxygen  as  it  becomes 
solid.  When  silver  in  the  form  of  leaves  or  fine  wire  is  intensely 
heated  by  means  of  electricity,  galvanism,  or  the  oxy-hydrogen  bk>w- 
pipe,  it  burns  with  vivid  scintillations  of  a  greenish-white  colour. 

The  onlv  pure  acids  that  act  on  silver  are  the  sulphuric  and  nitric 
acids,  by  both  of  which  it  is  oxidized,  forming  with  the  first  a  sul- 
phate, and  with  the  second,  a  nitrate  of  silver.  It  is  not  attacked  by 
sulphuric  acid  unless  by  the  aid  of  heat.  Nitric  acid  is  its  proper  sol- 
vent, and  forms  with  it  a  salt,  which,  in  its  fused  state,  is  known  by 
the  name  «<ll»»«r  rxMisftc. 

Oasidsqf  iSffoer.— The  <»xide  of  silver  is  best  procured  by  mixing 


''  *  An.  de  Ch.  et  de  Ph.  vol.  i.  .  Se^'also  some  very  judicious  ob- 
servations on  the  paper  of  M.  Guibourt  j^y  Mr  Brando,  in  the  Journal 
of  Science,  xviii.  291. 
F  f 
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a  loluthm  of  pure  buyU  with  niCnto  of  silver  diefoived  in  w«Mr« 
This  oxide  is  of  a  hrown  colour,  ioaoluble  in  water,  and  is  completely 
reduced  by  a  red  heat.  According  to  Sir  H.  Davy,  it  is  composed  of 
110  parts  of  silver  and  8  parts  of  oxygen;  and,  therefore,  regarding  il 
as  the  real  protoxide,  110  is  the  atomic  weight  of  silver. 

The  oxide  of  silver  is  separated  from  its  solution  in  nitric  acid,  by 
pure  alkalies  and  alkaline  earths,  as  the  brown  oxide,  which  is  redis- 
solved  by  ammonia  in  exc^s;  by  alkaline  carbonates  i^a  a  white  car- 
bonate, which  is  soluble  in  an  excess  of  the  carbonate  of  ammonia; 
as  a  dark  brown  sulphuret  by  sulphuretted  hydrogen ;  and  as^a  white 
curdy  chloride  of  silver,  which  is  turned  violet  by  light,  and  is  very 
soluble  in  ammonia,  by  muriatic  acid  or  any  soluble  muriate.  By  the 
last  character,  silver  may  be  both  distinguished  and  separated  from 
other  metallic  bodies. 

Silver  Is  precipitated  In  the  metallic  state  by  most  other  metals. 
When  mercury  is  employed  for  this  purpose,  the  silver  assumes  a 
beautiful  arborescent  appearance,  called  arb&r  ZHatUB.  A  very  good 
proportion  for  the  experiment  is  twenty  ^rtAj^  of  lunar  caustic  to  six 
drachms  or  an  ounce  of  water.  The  silver  thus  deposited  always 
contains  mercury. 

When  the  oxide  of  silver,  recently  precipitated  by  baryta  or  Jime- 
water,  and  separated  from  adhering  moisture  by  bibulous  paper.  Is  left 
in  contact  for  ten  or  twelve  houra  with  a  strong  solution  of  ammonia, 
the  greater  part  of  it  is  dissolved ;  but  a  black  ^powder  remains  which 
detonates  violently  from  heat  or  percussion.  This  substance,  which 
was  discovered  by  Berthollet;  (An.  de  Chimie,  vol.  i.),  appeare  to  be 
a  compound  of  ammonia  zjtkd  oxide  of  silver;  for  the  products  of  its 
detonation  are  metallic  silver,  water,  and  nitrogen  gas.  It  should  be 
roadtf  in  very  small  quantity  at  a  time,  and  dried  spontaneously  in 
the  air. 

On  exposing  a  solution  of  the  oxide  of  silver  in  ammonia  to  the  air, 
its  surface  becomes  covered  with  a  pellicle,  which  Mr  Faraday  consi- 
dera  to  be  an  oxide  containing  a  smaller  proportion  of  oxygen  than 
that  just  described.  This  opinion  he  has  made  highly  probable ;  buf 
further  experiments  are  requisite  before  the  existence  of  this  oxide 
can  be  regarded  as  certain. 

Chloride  of  Silver. — This  compound,  which  sometimes  occurs  na- 
tive in  silver  mines,  is  always  generated  when  silver  is  heated  in  chio* 
rine  gas,  and  may  be  prepared  conveniently  by  mixing  muriatic  acid, 
or  any  soluble  muriate,  with  a  solution  of  the  nitrate  of  silver.  Am 
formed  by  precipitation  it  is  quite  white ;  but  by  exposure  to  the  direct 
solar  rays,  it  becomes  violet,  and  almost  black,  in  the  course  of  a  few 
mmutes ;  and  a  similar  effect  is  slowly  produced  by  diffused  day-light. 
Iduriatic  acid  is  set  free  during  this  change,  and,  according  to  Berthol- 
let, the  dark  colour  is  owing  to  a  separation  of  the  oxide  of  silver. 
(Statique  Chimique,  vol.  i.  p.  195.) 

The  chloride  of  silver,  sometimes  called  hma  cornea  or  horn  sUver, 
is  insoluble  in  water,  and  is  dissolved  very  sparingly  by  the  strongest 
acids ;  but  it  is  soluble  in  ammonia.  Hyposulphurous  acid  likewise 
dissolves  it.  At  a  temperature  of  about  500''  F.  It  fuses,  and  forms  a 
semi-transparent  homy  mass  on  cooling.  It  beara  anY^Cfree  of  heat, 
or  even  the  combined  action  of  pure  cbarcQa)  M»it  neat,  wKbout  de- 
composition ;  but  hydrogen  gas  deci^mposes  it  readily  with  formation 
of  muriatic  acid.  According  to  the  experhnents  of  Berxelius  and*  Dr 
Thomson,  it  is  composed  of  IIP  {Mtrts  or  one  equivalent  of  silver,  and 
86  parts  or  one  equivalent  of-^hlorine. 
lo^e  tff  iSiZeer.— This  «bmpound  is  formed  when  the  hydriodate 
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of  potftssa  is  mixed  with  a  solution  of  tlie  nitrate  of  silver.  It  is  of  a 
greenisb-yellow  coloar,  is  insoluble  in  water  and  ammonia,  and  eon* 
tains  one  equivalent  of  eaob  of  its  elements.  * 

Oifanttret  of  Silver  is  formed  by  raizing  hydrocyanic  acid  with 
nitrate  of  silver.  It-is  a  white  curdy  substance,  similar  in  appearance 
to  the  chloride  of  silver,  insoluble  in  water  and  nitric  acid,  and  soluble 
in  a  solution  of  ammonia.  It  is  decomposed  by  muriatic  acid  with 
formation  of  hydrocyanic  acid  and  chloride  of  silver.  It  consists  of 
one  equivalent  of  each  of  its  elements. 

JSulphuret  of  Silver. — Silver  has  a  strong  affinity  for  sulphur.  This 
metal  tarnishes  rapidly  when  exposed  to  an  atmosphere  containing 
sulphuretted  hydrogen  gas,  owtog  to  the  formation  fit  a  sulphuret. 
On  transmitting  a  current  of  sulphuretted  hydrogen  gas  through  a 
solution  of  lunar  caustic,  a  dark  brown  precipitate  subsides,  which  is 
a  sulphuret  of  silver.  The  silver  glance  of  mineralogists  is  a  similar 
compound,  and'  the  same  sulphuret  may  be  prepared  by  heating  thin 
plates  of  silver  with  alternate  layers  of  sulphur. 

The  sulphuret  of  silver,  according  to  the  experiments  of  Berxeiius, 
is  a  compound  of  110  parts  or  one  equivalent  of  silver,  and  16  parts 
or  one  equivalent  of  sulphur. 
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SECTION  XXIV. 

GOLD, 

^old  has  hitherto  been  found  only  in  the  metallic  statCj^either  pure 
or  in  combination  with  other  metals.  It  occurs  massive,  capillary,  in 
grains,  and  crystallized  in  octahedrons  and  c\ibes,  or  their  allied 
forms.  It  is  sometimes  found  in  primary  mountains ;  but  more  fre- 
quently in  alluvial  depositions,  especially  among  sand  in  the  beds  of 
rivers,  having  been  washed  by  water  out  of  disintegrated  rocks  in 
which  it  originally  existed. 

Gold  is  the  only  metal  which  has  a  yellow  colour,  a  character  by 
which  it  is  distinguished  from  all  other  simple  metallic  bodies.  It  is 
capable  of  receiving  a  high  lustre  by  polishing,  but  is  inferior  in 
brilliancy  to  steel,  silver,  and  mercury.  In  ductility  and  malleability, 
it  exceeds  all  other  metals ;  but  it  is  surpassed  by  several  in  tenacity. 
Its  density  is  19.3.  When  pure  it  is  exceedingly  soft  and  flexible. 
It  fuses  at  82''  of  Wedgwood's  pyrometer. 

Gold  may  be  exposed  for  ages  to  air  and  moisture  without  change, 
nor  is  it  oxidized  by  being  kept  in  a  state  of  fusion  in  open  vessels. 
When  intensely  ignited  by  means  of  electricity  or  the  oxy-hydrogen 
blowpipe,  it  burns  with  a  greenish-blue  flame,  and  is  dissipated  in  the 
form  of  a  purple  powder,  which  is  supposed  to  be  an  oxide. 

Gold  is  not  oxidized  or  dissolved  by  any  of  the  pure  acids ;  for  it  may 
be  boiled  even  in  nitric  acid  without  undergoing  any  change.  Its  only 
solventa  are  chlorine  and  nitro-muriatic  acid ;  and  it  appears  from  the 
observations  of  Sir  H.  Davy»  that  chlorine  is  the  agent  in  both  cases, 
since  tlie  nitro-muriatic  acid  does  not  dissolve  gold,  except  when  it 
gives  rise  to  the  formation  of  chlorine.  (Page  201.)  It  is  to  be 
inferred,  therefore,  that  the  chlorine  unites  directly  with  the  gold. 
Whether  the  resulting  solution  is  really  a  chloride  of  thesnetal,  or  a 
muriate  of  its  oxide,  generated  by  the  decotnpontion  of  water,  is 
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mieertaiii ;  bat  from  recent  obeervations  of  M.  Pelletier,  which  will 
be  mentioned  immediately,  I  conceive  the  former  opinion  to  be  the 
more  probable.  There  h  no  inconvenience,  however,  in  regarding  it 
ai  a  muriate,  because  reagents  act  upon  it  as  if  it  were  such. 

The  most  convenient  method  of  forming  a  solution  of  gold  is  to  di* 
gest  fragments  of  the  metal  in  a  mixture  composed  of  two  measurds 
of  muriatic  and  one  of  nitric  acid,  until  the  acid  is  saturated.  The 
orange«>eoIoured  solution  is  then  evaporated  to  dryness  by  a  regulated 
heat,  in  order  to  expel  the  free  acid  without  decomposing  the  residual 
chloride  of  gold.  On  adding  water,  the  chloride  is  dissolved,  forming 
a  neutral  solution  of  a  reddish-brown  colour. 

Oxides  of  CU>ld,-^Th»  chemical  history  of  the  oxides  of  gold  is  ai 
yet  very  imperfect.  Berzelius  is  of  opinion  that  there  are  three  ox- 
ides. His  protoxide  is  obtained  by  decomposing  the  protochloride  of 
Sold  by  a  solution  of  pure  potassa,  and  is  of  a  dark  green  colour.  The 
eutoxide  or  purple  oxide  is  the  product  of  the  combustion  of  gold. 
The  composition  of  these  oxides  has  not  ^et  been  satisfactorily  de- 
termined, and  the  very  existence  of  the  hrst,  though  probable,  may 
be  questioned.  The  only  well-known  oxide  is  that  which  is  supposed 
to  exist  in  the  solution  of  gold  combined  with  muriatic  acid.  It  may 
be  prepared  by  mixing  with  a  concentrated  neutral  solution  of  eold  a 
quantity  of  pure  potassa,  exactly  sufficient  for  combining  with  the 
muriatic  acid.  A  reddish-yellow  coloured  precipitate,  the  hydrous 
peroxide,  subsides,  which  is  rendered  anhydrous  by  boiling,  and  as- 
sumes a  brownish-black  colour*.  The  best  method  of  forming  it,  ac- 
cording to  M.  Pelietier,  is  by  digesting  the  muriate  with  pure  magne- 
sia, washing  the  precipitate  wiui  water,  and  removing  the  excess  of 
magnesia  by  dilute  nitric  acid. 

The  peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  nearly 
black  when  pure,  is  insoluble  in  water,  and  completely  decomposed 
by  solar  lignt  or  a  red  heat.  Muriatic  acid  dissolves  it  readily,  yield- 
ing the  comnton  solution  of  gold ;  but  it  forms  no  definite  compound 
with  any  acid  which  'contains  oxygen.  It  may  indeed  be  dissolved 
by  the  nitric  and  sulphuric  acids ;  but  the  affinity  is  so  slight  that  the 
oxide  is  precipitated  by  the  addition  of  water.  It  combines,  on  the 
contrary,  with  alkaline  bases,  such  as  potassa  and  baryta,  apparently 
forming  regular  salts,  in  which  it  acta  the  part  of  a  weak  acid.  These 
circumstances  have  induced  M.  Pelietier  to  deny  that  the  peroxide  fa 
a  salifiable  base^  and  to  contend  that  the  muriatic  solution  of  gold  is 
in  reality  a  chloride  of  the  metal.  On  this  supposition,  he  proposes 
the  term  auric  add  for  the  peroxide  of  gold,  and  to  its  compound  with 
alkalies  he  gives  the  denomination  of  aurates. 

The  peroxide  of  gold  is  thrown  down  of  a  yellow  colour  by  ammonia, 
and  the  precipitate  is  an  aurate  of  that  alkali.  It  Is  a  highly  detona- 
ting compound,  analogous  to  the  fulminating  silver  described  in  the 
last  section. 

As  chemists  are  but  imperfectly  acquainted  with  the  number  and 
composition  of  the  oxides  of  gold,  it  is  at  present  impossible  to  deter- 
mine the  atomic  weight  of  this  metal  in  a  satisfactory  manner.  Ac- 
cording to  Berzeliusf,  100  parts  of  gold  unite  with  12.077,  according 
to  Oberkampf^  with  10.01,  and  according  to  Pelietier  with  10.03  parts 
of  oxygen  to  constitute  the  peroxide.    M.  Java1§  has  more  recently 


M.  Pelietier  in  the  An.  de  Gh.  et  de  Ph.  vol.  xv. 
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analyzed  the  oxide  of  gold,  and  fiiids  that  the  proportion  stated  by 
Berzelius  is  very  near  the  truth.  If  we  adopt  the  numbers  given  by 
this  chemist,  and  regard  the  peroxide  as  containing  three  equivalents 
of  oxygen  to  one  of  metal,  200  will  be  the  atomic  weight  of  gold,  and 
224  the  equivalent  of  its  oxide.  This  view  is  supported  by  the  exper- 
iments of  Dr  Thomson. 

Chlorides  of  Gold. — On  concentrating  the  solution  of  gold  to  a 
sufficient  extent  by  evaporation,  the  perchloride  may  be  obtained  in 
red  prismatic  crystals,  which  become  brown  when  brought  to  perfect 
dryness.  It  deliquesces  on  exposure  to  the  air,  and  is  dissolved  readi- 
ly by  water  without  residue.  At  a  temperature  fiir  belaw  that  of  red- 
ness, it  is  converted,  with  evolution  of  two-thirds  of  its  chlorine,  into 
the  yellow  insoluble  protochloride,  from  which  the  chlorine  is  entirely 
expelled  by  a  red  beat.  This  protochloride  is  converted,  by  being 
boiled  in  watery  into  the  soluble  perchlori'de  and  metallic  gold. 

The  composition  of  the  chlorides  of  gold  was  investigated  by  Ber- 
zelius and  Pelletier ;  but  the  results  of  Uieir  analyses  are  so  very  dis- 
cordant, that  no  satisfactory  conclusion  can  be  drawn  from  them. 

The  solution  of  gold  is  decomposed  by  substances  which  have  a 
strong  affinity  for  oxygen.  On  adding  protosulphate  of  iron4issolv- 
ed  in  water,  the  iron  is  oxidized  to  a  maximum,  and  a  copious  brown 
precipitate  subsides,  which  is  metallic  gold  in  a  state  of  very  minute 
division.  This  precipitate,  when  duly  washed  with  dilute  muriatic 
acid,  in  order  to  separate  adhering  iron,  is  gold  in  a  state  of  perfect 
purity.  A  similar  reduction  is  effected  by  most  of  the  metals,  and  by 
sulphurous  and  phosphorous  acids.  When  a  piece  of  charcoal  is  im- 
mersed in  the  solution  4>f  gold,  and  exposed  to  the  direct  solar  rays, 
its  surface  acquires  a  eoating  of  metallic  gold ;  and  ribands  may  be 
gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  expos- 
ing them  to  a  current  of  hydrogen  of  phosphuretted  hydrogen  gas. 
When  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an 
equal  volume  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is 
an  ethereal  solution  of  gold.  From  this  liquid  flakes  of  metal  are  de- 
posited on  standing,  especially  by  exposure  to  lisht,  and  substances 
moistened  with  it  receive  a  coating  of  metallic  gold*. 

When  the  protomuriate  of  tin  is  added  to  a  dilute  aqueous  solution 
of  gold,  a  purple  coloured  precipitate,  called  the  purple  of  CasHtu^ 
is  thrown  down,  which  is  the  substance  employed  in  painting  on 
porcejain  for  giving  a  pinlc  colour.  It  appears  to  be  a  compound  of 
the  peroxide  of  tin  and  the  purple  oxide  of  gold,  in  which  the  former 
is  supposed  to  act  as  an  acid. 

Sulphuret  of  Gold. — On  transmitting  a  current  of  sulphuretted  hy- 
drogen gas  through  a  solution  of  gold,  a  black  precipitate  is  formed, 
which  is  a  sulphuret.  It  is  resolved  by  a  red  heat  into  gold  and 
sulphur,  and  appears  from  the  analysis  of  Oberkampf  to  be  composed 
of  200  parts  or  one  equivalent  of  gold,  and  48  parts  or  three  equivalents 
of  sulphur. 

The  compounds  of  gold  with  the  other  non-metallic  bodies  have 
been  little  examined. 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader 
may  consult  an  Essay  on  Combustion,  by  Mrs  Fulhaine»  and  a  paper 
by.  Count  Rumford  in  the  Philosophical  Transactions  for  1798. 
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SECTION  XXV. 

PLATUVUM. 

This  vduable  metal  occurs  only  in  the  metallic  state,  associated 
or  combined  with  various  other  metals,  such  as  copper,  iron,  lead, 
gold,  silver,  palladium,  rhodium,  osmium,  and  iridium.  It  has  hither- 
to been  found  chiefly  in  Brazil,  Peru,  and  other  parts  of  South 
America,  in  the  form  of  rounded  or  flattened  grains  of  a  metallic  lustre 
and  white  colour,  mixed  with  sand  and  other  alluvial  depositions. 
Two  years  ago,  however,  M.  Boussingault  discovered  it  in  a  syenitic 
rock  in  the  province  of  Antioquia  in  South  America,  where  it  occurs 
in  veins  associated  with  gold.  Rich  mines  of  gold  and  platinum  have 
also  been  recently  discovered  in  the  Uralian  mountains.  (Edinburgh 
Journal  of  Science,  No.  x.) 

Pure  platinum  has  a  white  colpyr  very  much  like  silver,  but  of  in- 
ferior lustre.  It  is  the  heaviest  of  known  metals,  its  density  being 
about  21.5.  Its  malleability  is  considerable,  though  far  less  than  that 
of  gold  and  silver.  It  may  be  drawn  into  wires,  the  diametef  of 
which  dOQS  not  exceed  the  2000th  part  of  an  inch.  It  is  a  soft  metal, 
and,  like  iron,  admits  of  being  welded  at  a  high  temperature,  Dr 
WoUaston  has  observed  that  it  is  a  less  perfect  conductor  of  caloric 
than  most  other  metals. 

Platinum  undergoes  no  change  from  the  combined  agency  of  air 
and  moisture ;  and  it  may  be  exposed  to  the  strongest  heat  of  a 
smith's  forge  without  suffering  either  oxidation  or  fusion.  On  heating 
a  small  wire  of  it  by  means  of  galvanism  or  the  oxy-hydrogen  blow- 
pipe, it  is  fused,  and  afterwards  burns  with  the  emission  of  sparks. 
The  lat^  Mr  Smithson  Tennant  showed  that  it  is  oxidized  when  ig- 
inted  witlT  nitre,  (Philos.  Trans,  for  1797) ;  and  a  similar  effect  is  oc- 
casioned by  pure  potassa  and  lithia. 

Platinum  is  not  attacked  by  any  of  the  pure  acids.  Its  only  solvents 
are  chlorine  and  nitro-muriatic  acid,  which^  act  upon  it  wit;^  greater 
difficulty  than  on  gold.  The  resulting  orange-red  coloured  liquid, 
from  which  the  excess  of  acid  should  be  expelled  by  cautious  evapo- 
^  ration^  may  be  regarded  as  containing  either  the  chloride  of  platinum, 
or  the  muriate  of  its  oxide. 

Oxides  of  Platinum. — According  to  Berzelius,  there  are  two  oxides 
of  platinum,  the  oxygen  of  which  is  in  the  ratio  of  1  to  2*.  The  prot- 
oxide is  prepared  by  ihe  action  of  potitssa  on  the  protochloride  of  pla- 
tinum. It  is  of  a  black  colour,  is  reduced  by  a  red  heat,  and  is  com- 
posed of  96.6  parts  of  platinum,  and  8  parts  of  oxygen.  Now,  Dr 
Thomson  infers  from  his  researches,  that  96  is  the  atomic  weight  of 
platinum,  from  which  it  is  probable  that  the  two  oxides  of  Berzelius 
are  thus  constituted : — 

Platinum*  Oxygen, 

Protoxide  .96  .  .  .  ,   8 

Peroxide  .96  .  .  .16 

The  peroxide  has  not  hitherto  been  obtained  ia  a  perfectly  pur/i 
state.    Berzelius  supposes  it  to  exist  in  the  muriate  of  platinum  com* 


*  An.  de  Chin.  vol.  zxxviii. 
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bioed  with  muriatic  acid;  and  Dr  Thomson  states  that  it  is  contained 
in  the  sulphate  of  platinum. 

Another  oxide  was  described  by  Mr  £.  Dayy  in  the  Philosophical 
Transactions  for  1820.  It  is  of  a  gray  colour,  and  is  prepared  by  heat- 
ing fulminating  platinum  with  nitrous  acid.  It  appears  from  his  ana- 
lysis to  be  composed  of  96  parts  or  one  equivalent  of  platinum,  and 
12  parts  or  an  equivalent  and  a  half  of  oxygen.  Mr  Cooper  has  like- 
wise described  an  oxide  of  platinum ;  but  its  existence  as  a  definite 
compound,  distinct  from  those  above  described,  has  not,  I  conceive, 
been  satisfactorily  demonstrated. 

CMoridet  of  Pl4itinum.'--The  perchloride  is  procured  by  evapo- 
rating the  muriate  of  platinum  to  dryness  at  a  gentle  heat.  It  Is  de- 
liquescent, and  is  soluble  in  water,  alcohol,  and  ether.  The  ethereal 
solution  is  decomposed  by  the  agency  of  Kg^ht,  metallic  platinum  beidtf 
deposited.  It  is  probable  from  the  analysis  of  the  double  chloride  of 
potassium  and  platinum  by  Dr  Thomson  and  Berzelius,  that  the  per- 
chloride of  platinum  is  composed  of  96  parts  or  one  equivalent  of  me- 
tal, to  72  parts  or  two  equivalents  of  chlorine ;  but  this  inference  re- 
quires confirmation. 

When  the  perchloride  is  strongly  heated,  it  parts  with  some  of  its 
chlorine,  and  is  converted  into  a  protochloiide,  which  is  resolved  by  a 
red  beat  Into  platinum  and  chlorine. 

Platinum  is  distinguished  from  all  other  substances  by  the  following 
circumstances.  When  pure  potassa  or  a  salt  of  potassa  is  added  to  a 
concentrated  solution  of  platinum,  a  yellow  crystalline  precipitate 
subsides,  which  is  very  sparingly  soluble  in  water.  When  heated  to 
full  redness,  chlorine  gas  is  disengaged,  and  the  residue  consists  of 
metallic  platinum  and  the  chloride  of  potassium^  According  to  the 
analysis  of  Thomson,  It  is  composed  of 

Bichloride  of  platinum  .        16S  or  one  equivalent. 

Chloride  of  potassium  .  76  of  one  equivalent. 

Ammonia  or  its  salts  produce  a  similar  precipitate,  which  is  com- 
posed according  to  Dr  Thomson  of 

Bichloride  of  platinum  .        168  or  one  equivalent. 

Muriate  of  ammonia  .  54  or  one  equivalent. 

When  this  compound,  which  is  generally  called  the  muriate  of  pla* 
tintun  and  ammonia,  is  heated  to  redness,  chlorine  and  muriate  of 
ammonia  are  evolved,  and  pure  platinum  remains  in  the  form  of  a  del- 
icate spongy  mass,  the  power  of  which  in  kindling  an  explosive  mix- 
ture of  oxygen  and  hydrogen  gases  has  already  been  mentioned. 
(Page  142.)  This  salt  affords  an  easy  method  of  procuring  platinum 
in  a  metallic  state,  and  of  separating  it  from  other  metals. 

Soda  forms  with  muriate  of  platinum  a  double  salt,  which  is  soluble 
in  water  and  alcohol,  and  crystallizes  in  flattened,  oblique,  four-sided 
prisms  of  an  orange- red  colour.  According  to  Dr  Thomson,  it  is  a 
compound  of  one  equivalent  of  the-  bichloride  of  platinum,  one  equi- 
valent of  the  chloride  of  sodium,  and<  eight  equivalents  of  water. 

Sulphur et  o/P2a<mum.— When  sulphuretted  hydrogen  gas  is  trans- 
mitted through  a  solution  of  muriate  of  platinum,  a  black  precipitate  Is 
thrown  down,  which  Yauquelin  regards  as  a  hydrosulphuret  of  the 
oxide  of  platinum.  It  absorbs  oxygen  from  the  air  while  in  a  moist 
state,  giving  rise  to  the  formation  of  sulphuric  acid.  Its  composition 
has  not  been  determined  with  accuracy. 

A  black  sulphuret  of  platinum  was  procured  by  Mr  E.  Davy  by 
heating  the  metal  with  sulphur,  and  Yauquelin  obtained  a  similar 
compound  by  igniting  the  yellow  muriate  of  platinum  and  ammonia 
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with  twice  its  weight  of  salphar.  AccordiDg  to  the  analysis  of  the«6 
chemists,  it  coDtaids  about  16  per  cent  of  sulphur. 

The  bydrosulphoret  of  platinum  is  converted  by  the  action  of  nitric 
acid  into  a  sulphate  which  possesses  remarkable  properties.  On 
boiling  it  in  strong  alcohol,  a  black  powder  Is  precipitated,  which 
consists,  accordrog  to  Mr  E.  Davy,  of  96  per  cent  of  platinum, 
together  with  a  litUe  oxygen,  nitrous  acid,  and  carbon,  the  last  of 
which  is  supposed  to  be  accidental.  When  this  powder  Is  placed  on 
bibulous  paper  moistened  with  alcohol,  a  strong  action  accompanied 
with  a  hissing  noise*  ensues,  and  the  powder  becomes  red-hot,  and 
continues  so  until  the  alcohol  is  consumed.  The  substance  which 
remains  is  pure  platinum. 

Fulminating  platinum  may  be  prepared  by  the  action  of  ammonia  in 
slight  excess  on  a  solution  of  sulphate  of  platinum.  (E.  Davy.)  It  is 
analogous  to  the  detonating  compounds  which  ammonia  forms  with 
the  oxides  of  gold  and  silver. 


SECTION  XXVI. 

.PALLADIUM.    RHODIUM.     OSMIUM.    IRIDIUM. 

The  fo\ir  metals  to  be  described  in  this  section  are  all  contained  in 
the  ore  of  platinum,  and  have  hitherto  been  procured  in  very  small 
quantity.  When  the  ore  is  digested  in  nitro-muiiatic  acid,  the  pla- 
tinum, together  with  palladium,  rhodium,  iron,  copper,  and  lead,  is 
dissolved ;  while  a  bkck  powder  is  left,  consisting  of  osmium  and 
iridium. 

Palladium. 

This  metal  was  discovered  in  1803  by  Dr  Wollaston.t  On  adding 
bicyanuret  of  mercury  dissolved  in  water  to  a  neutral  solution  of  the 
ore  of  platinum,  either  before  or  after  the  separation  of  that  metal  by 
muriate  of  ammonia,  a  yellowish-white  flocculent  precipitate  is 
gradually  deposited,  which  is  cyanuret  of  palladium.  When  this 
compound  is  heated  to  redness,  the  cyanogen  is  expelled,  and  pure 
palladium  remains. 

Palladium  resembles  platinum  m  colour  and  lustre.  It  is  both 
malleable  and  ductile,  and  considerably  harder  than  platinum.  Its 
specific  gravity  varies  from  11.8  to  11.8.  (Wollaston.)  In  fusibility,  it 
is  intermediate  between  gold  and  platinum,  and  is  dissipated  in  sparks 
when  hitensely  heated  by  the  oxy-hydrogen  blowpipe. 

Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  the 
sulphuric  and  muriatic  acids  act  upon  it  by  the  aid  of  heat;  but  its 
proper  solvent  is  nitro-rouriatic  acid.  Its  oxide  forms  beautiful  red- 
coloured  salts,  from  which  metallic  palladium  is  precipitated  by  proto- 
sulphate  of  iron,  and  all  the  metals  deibribed  in  the  foregbing  sections, 
excepting  silver,  gold,  and  platinum. 

The  oxide  of  palladium  is  precipitated  by  pure  potassa,  as  an 
orange-coloured  hydrate,  which  becomes  black  when  dried,  and  is 
decomposed  by  a  red  heat.  It  consists,  according  to  Berzelius,  of 
nearly  56  parts  of  palladium  and  8  parts  of  oxygen  ;  so  that  56  is  most 

*  Philosophical  Transactions  for  1804  and  180{p«.  j 
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probably  the  atomic  weight  of  the  metal  itself,  end  64  the  equivalent 
of  its  oxide. 

Rhodium. 

This  metal  was  discovered  by  Dr  Wollastoo  at  the  time  he  was 
occupied  with  the  discovery  of  palladium.  On  immersing  a  thin  plate 
of  clean  iron  into  the  solution  from  which  palladium  and  the  greater  part 
of  the  platinum  have  been  precipitated,  the  rhodium,  together  with 
small  quantities  of  platinum,  copper,  and  lead,  is  thrown  down  in  the 
metallic  state ;  and  on  digesting  the  precipitate  in  dilute  nitric  acid, 
the  two  last  metals  are  removed.  The  rhodium  and  platinum  are  then 
dissolved  by  means  of  nitro-muriatic  acid,  and  the  solution,  after  being 
mixed  with  some  muriate  of  soda,  is  evaporated  to  dryness.  Two 
double  salts  result,  the  muriate  of  platinum  and  soda,  and  the  muriate 
of  rhodium  and  soda,  the  former  of  which  is  soluble  and  the  latter 
insoluble  in  alcohol,  and  may,  therefofe,  be  separated  from  one  another 
by  that  menstruum.  The  salt  of  rhodium  is  then  dissolved  in  water, 
and  the  pure  rhodium  precipitated  by  insertion  of  a  rod  of  zinc. 

Rhodium,  thus  procured,  is  in  the  form  of  a  black  powder,  which 
requires  'the  strongest  heat  that  can  be  produced  in  a  wind  furnace 
for  fusion,  and  when  fused  has  a  white  colour  and  metallic  lustre.  It 
is  brittle,  and  its  specific  gravity  is  about  11.  It  is  not  attacked  by 
any  of  the  acids  when  in  its  pure  state ;  but  if  alloyed  with  other 
metals,  such  as  copper  or  lead,  it  is  oxidized  and  dissolved  by  the  ni- 
tro-muriatic acid,  a  circumstaace  which  accounts  for  its  presence  in 
the  solution  of  crude  platinum.  It  is  oxidized  also  by  being  ignited 
with  nitre.  Most  of  its  salts  are  either  red  or  yellow,  and  the  muriate 
is  of  a  rose-red  colour,  from  which  it  has  received  the  name  oSrhO'^ 
dium*. 

The  number  deduced  by  Dr  Thomson  as  the  atomic  weight  of 
rhodium  is  44 ;  and  its  oxides,  according  to  the  same  chemist,  are 
thus  constituted : — 


JRhodium. 

Oxygen. 

Protoxide 

44 

S 

Peroxide 

44 

16 

The  protoxide  ia  black,  and  the  peroxide,  which  is  the  base  of  the 
salts  of  rhodium,  is  of  a  yellow  colour.  Berzelius,  whose  results  do 
not  accord  with  those  of  Dr  Thomson,  has  described  a  brown  oxide ; 
but  it  is  as  yet  undeterouned  whether  it  is  a  distinct  oxide  or  a  mix- 
ture of  the  two  others. 

Osmium  and  Iridium, 

These  metals  were  discovered  by  the  late  Mr  Tennant  in  the  year 
1803t»  and  the  discovery  of  iridium  was  made  about  the  same  time  by 
M.  Descotils  in  France.  The  black  powder  mentioned  at  the  begin- 
ning of  this  section,  is  a  compound  of  iridium  and  osmium,  an  alloy 
which  Dr  Wollaston  has  detected  in  the  form  of  flat  white  grains 
among  fragments  of  crude  platinum.  From  this  alloy,  which  is  quite 
insoluble  in  nitro-muriatic  acid,  Mr  Tennant  prepared  iridium  and  os- 
mium in  the  following  manner.    The  black  powder  mixed  with  soda 

*  From  j j/oF  a  rose. 
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was  heated  to  redness  in  a  silver  crucible,  and  the  residue,  after  remov« 
ine  the  alkali  by  means  of  water,  was  digested  in  muriatic  acid.  In 
this  way  two  solutions,  one  alkaline  and  the  other  acid,  were  procured, 
the  former  of  a  deep  orange  colour,  containing  the  oxide  of  osmium 
united  with  soda,  and  the  latter,  the  muriate  of  iridium.  From  the 
refractory  nature  of  the  alloy  it  is  necessary  to  ignite  with  successive 
portions  of  soda  before  the  whole  of  any  gi^en  quantity  of  the  black 
powder  is  oxidized. 

Osmttfffi. — On  neutralizing  the  alkaline  liquid  just  described,  and 
heating  it  in  a^retort,  the  oxide  of  osmium,  which  is  both  volatile  and 
soluble  in  water,  passes  over  into  the  recipient,  and  is  there  dissolved 
in  the  fluid  that  accompanies  it.  The  aqueous  solution  is  colourless, 
and  emits  a.4>ungent  peculiar  odour,  somewhat  like  that  of  chlorine, 
a  property  which  suggested  the  name  of  osmium*.  The  oxide  of  os- 
mium has  not  been  procured  free  from  water,  nor  has  its  composition 
been  determined.  The  Infusion  of  gall-nuts  is  a  delicate  test  of  its 
presence,  striking  a  purple  colour  which  afterwards  acquires  a  deep 
blue  tint. 

The  otide  of  osmium  is  precipitated  in  the  metallic  state  by  nearly 
all  the  metals,  excepting  gold  and  platinum.  On  agitating  it  with 
mercury  an  amalgam  is  formed,  which,  when  heated  in  close  vessels, 
j^elds  pure  osmium,  capable  of  supporting  a  white  heat  without  being 
volatilized  or  fused.  If  ignited  in  open  vessels,  it  is  oxidized  and  then 
dissipated  in  vapour.  After  exposure  to  heat,  it  resists  the  action  of  alt 
the  acids. 

Bidium. — ^The  solution  of  the  oxide  of  iridium  in  muriatic  acid, 
when  first  prepared,  is  of  a  blue  colour ;  but  it  afterwards  becomes  of 
an  olive-green  hue,  and  subsequently  acquires  a  deep  red  tint.  This 
diversity  of  colour,  which  gave  origin  to  the  name  of  iridium,  is 
attributed  to  the  metal  passing  through  different  stages  of  oxidation,  an 
opinion  which  is  probable,  though  by  no  means  established.  Chemists, 
indeed,  are  as  yet  ignorant  both  of  the  number  and  composition  of 
the  oxides  of  iridium. 

The  muriate  of  iridium,  when  deprived  of  its  excess  of  acid  by 
heat,  mav  l>e  procured  in  crystals  of  a  deep  brown  colour  by  evapora- 
tion. This  salt  is  characterized  by  forming  with  water  a  red  solution, 
which  is  rendered  colourless  by  the  pure  alkalies  or  alkaline  earths, 
by  sulphuretted  hydrogen,  infusion  of  gall-nuts,  or  by  ferrocyanate  of 
potassa.  It  is  decomposed  by  nearly  all  the  metals  excepting  gold 
and  platinum,  the  iridium  been  thrown  down  in  the  metallic  state. 
Iridium  may  likewise  be  procured  from  the  muriate  by  exposing  that 
salt  to  a  red  heat. 

Iridium  is  the  most  infusible  metal  known ;  but  Mr  Children,  by 
means  of  his  large  galvanic  battery,  succeeded  in  fusine  U  into  a 
globule  of  a  brilliant  metallic  lustre  and  white  colour.  Its  specific 
gravity  In  this  state  is  IS^^S.  It  is  attacked  with  great  difficulty  by 
nitro-muriatic  acid ;  but  is  oxidized  when  heated  with  nitre. 


*  From  W^a  odour. 
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SECTION  XXVII. 


OJV  METALLIC  COMBIJVATIOJVS. 

Having  completed  the  history  of  the  individual  metals,  and  of  thcs  v 
compounds  resulting  from  their  union  with  the  simple  non-metallic 
bodies,  I  shall  treat  briefly  in  the  present  section  of  the  combinations 
of  the  metals  with  one  another.  These  compounds  are  called  alloys  ; 
and  to  those  iilloys  of  which  mercury  is  a  constituent,  the  term  amal- 
gam is  applied.  It  Is  probable  that  each  metal  is  capable  of  uniting 
in  one  or  more  proportions  with  every  other  metal,  and  on  this  sup- 
position the  number  of  alloys  would  be  exceedingly  numerous.  This 
department  of  chemistry,  however,  owing  to  its  having  been  cultivated 
with  less  zeal  than  most  other  branches  of  the  science,  is  as  yet 
limited,  and  our  knowledge  concerning  it  imperfect.  On  this  account 
I  shall  mention  those  alloys  only  to  which  some  particular  interest  Is 
attached, 

Metals  do  not  combine  with  one  another  in  their  solid  state,  owing 
to  the  influence  of  chemical  affinity  being  counteracted  by  the  force 
of  cohesion.  It  is  necessary  to  liquefy  at  least  one  of  them,  in  which 
case  they  always  unite,  provided  their  mutual  attraction  is  energetic. 
Thus  brass  is  formed  when  pieces  of  copper  are  put  into  melted  zinc ;  , 
and  gold  unites  with  mercury  at  common  temperatures  by  mere  con- 
tact. 

Metals  appear  to  unite  with  one  another  in  every  proportion,  pre- 
cisely in  the  same  manner  as  sulphuric  acid  and  water.  Thus  there 
is  no  limit  to  the  number  of  alloys  of  gold  and  copper.  It  is  certain, 
however,  that  metals  have  a  tendency  to  combine  in  de6nite  pro- 
portion ;  for  several  atomic  compounds  of  this  kind  occur  native. 
The  crystallized  amalgam  of  silver,  for  example,  is  composed,  accord- 
ing to  the  analysis  of  Klaproth,  of  64  parts  of  mercury  and  36  of  silver, 
numbers  which  are  so  nearly  in  the  ratio  of  200  to  110,  that  the 
amalgam  may  be  inferred  to  contain  one  equivalent  of  lach  of  its 
elements.  It  is  indeed  possible  that  the  variety  of  proportion  is 
rather  apparent  than  real,  arising  from  the  mixture  of  a  few  definite 
compounds  with  one  another,  or  with  uncombined  metal ;  an  opinion 
not  only  suggested  by  the  mode  in  which  alloys  are  prepared,  but  in 
some  measure  supported  by  observation.  Thus  on  adding  successive 
small  quantities  of  silver  to  mercury,  a  great  variety  of^uid  amalgams 
ard  apparently  produced  ;  but,  in  reality,  the  chief,  if  not  the  sole  com- 
pound, is  a  solid  amalgam,  which  is  merely  diffused  throughout  the 
fluid  mass,  and  may  be  separated  by  pressing  the  liquid  mercury 
thfbugh  a  piece  of  thick  leather. 

Alloys  are  analogous  to  metals  in  their  chief  physical  properties. 
They  are  opake,  possess  the  metallic  lustre,  and  are  good  conductors  of 
.electricity  and  caloric.  They-  often  diifer  materially  in  some  respects 
from  the  elements  of  which  they  consist.  The  colour  of  an  alloy  is 
sometimes  different  from  that  of  its  constituents,  of  which  brass  is  a 
remarkable  example.  The  hardness  of  a  metal  is  in  general  increased 
by  being  alloyed,  and  for  this  reason  its  e1a0ticity  and  sonorousness 
are  frequently  improved.  The  malleability  and  ductility  of  metals,  on 
the  contrary,  are  usually  impaired  by  combination.  Alloys  formed  of 
two  brittle  metals  are  always  brittle ;   and  an  alloy  composed  of  a 
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ductile  aod  a  biitde  metal  is  generatly  brittle,  especially  if  the  latter 
predominate.    A  a  alloy  of  two  ductile  metals  is  sometimes  brittle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater,  than 
the  mean  density  of  the  ihetais  of  which  it  is  composed. 

The  fusibility  of  metals  is  greatly  increased  by  being  alloyed.  Thus 
pure  platinum,  which  cannot  be  completely  fused  in  the  most  intense 
heat  of  a  wind*  furnace,  forms  a  very  Visible  alloy  with  arsenic. 

The  tendency  of  metals  to  unite  with  oxygen  is  considerably  aug- 
mented by  being  alloyed .  This  effect  is  particularly  conspicuous  when 
dense  metals  are  liquefied  by  combination  with  quicksilver,  and  is 
manifestly  owing  to  the  loss  of  their  cohesive  power.  Lead  and  tin, 
for  instance,  when  united  with  mercury,  are  soon  oxidized  by  exposure 
to  the  atmosphere ;  and  even  gold  and  silver  combine  with  oxygen, 
when  the  amalgams  of  those  metals  are  agitated  with  air.  The  oxi- 
dability  of  one  metal  in  an  alloy  appears  in  some  instances  to  be  in- 
creased in  consequence  of  a  galvanic  action.  Thus  Mr  Faraday  ob- 
served, that  an  alloy  of  steel  with  100th  of  its  weight  of  platinum  was 
dissolved  with  effervescence  in  dilute  sulphuric  acid,  which  was  so 
weak  that  it  scarcely  acted  on  common  steel ; — an  effect  which  he 
ascribes  to  the  steel  in  the  alloy  being  rendered  positive  by  tlie  pre- 
sence of  the  platinum. 

Amalgams, 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass  tube 
with  that  metal,  forming  a  solid  amalgam.  When  the  amalgam  is  put 
into  water,  the  potassium  is  gradually  oxidized,  hydrogen  gas  is  dis- 
engaged, and  the  mercury  resumes  its  liquid  form.  A  similar  com- 
pound may  be  obtained  with  sodium.  These  amalgams  may  also  be 
procured  by  placing  the  negative  wire  in  contact  with  a  globule  of 
mercury,  during  the  process  of  decomposing  potassa  and  soda  by  gal- 
vanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking-glasses;  and 
an  amalgam  made  of  one  part  of  lead,  one  of  tin,  two  of  bismuth,  and 
four  parts  of  mercury,  is  used  for  silvering  the  inside  of  hollow  glass 
globes.  This  amalgam  is  solid  at  common  temperatures ;  but  is  rased 
by  a  slight  degree  of  heat. 

The  amalgam  of  zinc  and  tin,  used  for  promoting  the  action  of  the 
electrical  machine,  is  made  by  fusing  one  part  of  zinc  with  one  of  tin, 
and  then  agitating  the  liquid  mass  with  two  parts  of  mercury  placed 
in  a  wooden  box.  Mercury  evinces  little  disposition  to  unite  with 
iron,  and,  on  this  account,  it  is  usually  preserved  in  iron  bottles. 

The  amalgam  of  silver,  as  already  mentioned,  is  a  mineral  produc- 
tion. The  process  of  separating  silver  from  Its  ores  by  amalgamation, 
practised  on  a  large  scale  at  Freyberg  in  Germany,  is  founded  on  the 
affinity  of  mercury  for  silver.  On  exposing  the  amalgam  to  heat,  the 
quicksilver  is  volatilized  and  pure  silver  remains. 

Gold  unites  with  remarkable  facility  with  mercury,  forming  a  white- 
coloured  compound.  An  amalgam  composed  of  one  part  of  gold  to 
eight  of  mercury  is  employed  in  gilding  brass.  The  brass,  after  being 
rubbed  with  the  nitrate  of  mercury  in  order  to  give  it  a  thin  film  u 
quicksilver,  is  covered  with  the  amalgam  of  gold,  and  then  exposed 
to  heat  for  the  purpose  «f  expelling  the  mercury. 

Alloys  of  Arsenic. 

Arsenic  has  a  tendency  to  render  the  metals,  with  which  it  is  al- 
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loy«d,  both  brittie  «ik1  fusible,  ft  baa  fhe  property  of  destroying  the 
colour  of  gold  and  copper.  An  alloy  of  copper,  with  a  tenth  part  of 
fldnenie,  it  so  very  similar  in  appearance  to  sitrer,  that  it  has  been  sub- 
stituted for  it.  Tlie  whiteness  of  this  alloy  affords  a  roagh  mode  of 
testing  for  vrsenic ;  for  if  arsenious  acid  and  charcoal  be  heated  be- 
tween two  plates  ef  copper,  a  white  stain  afterwards  appears  upon  its 
surface,  owing  to  the  formation  of  an  arseniuret  of  copper. 

llie  presekice  of  arsenic  in  iron  has  a  very  pernicious  eflfect;  for 
even  though  in  small  propoi^on,  it  renders  the  iron  brittle,  especially 
when  heated. 

The  aHoy  of  tin  and  arsenic  is  employed  for  forming  arseniuretted 
hydrogen  gas  by  ^e  action  of  muriatic  acid.  The  tin  of  cemmeree 
sometunes  contains  a  minute  quantity  of  this  alloy. 

An  alloy  of  platinum  wiifi  ten  parts  of  ersenic  is  fusible  at  ^  heat  e  . 
little  above  redness,  and  may  therefore  be  cast  in  moulds.    On  ex- 
posing the  alloy  to  a  gradually  increasiDg  temperature  in  openjressels, 
the  arsenic  is  oxidized  and  expeUed^  and  the  platinum  recovers  its 
purity  and  infusibility. 

Mloy$  (^Tirif  Lead^  Antimony,  and  Bismuth. 

Tin  and  lead  unite  readily  when  fused  together.  Equal  parts  of 
these  metals  constitute  an  alloy  which  is  more  fusible  than  either 
separately,  and  is  the  common  solder  of  the  glaziers.  Its  point  of 
fusion  is  about  860*>  F. 

,Tih,  alloyed  with  small  quantities  of  antimony,  copper,  and  bismuth, 
forms  the  best  kind  of  pewter.  Inferior  sorts  contain  a  large  propor- 
tion of  lead. 

Tin,  lead,  and  bismuth  form  an  alloy  which  is  fused  by  a  temperature 
below  212°  Fafar.  The  best  proportion,  according  to  M.  D*Arcet,  is 
eight  parts  of  bismuth,  five  of  lead,  and  three  of  tin. 

An  alloy  of  three  parts  of  lead  to  one  of  antimony  constitutes  the 
substance  of  which  types  for  printing  are  made. 

AUoys  of  Copper. 

Copper  forms  with  tin  several  valuable  alloys,  which  are  characteriz- 
ed by  their  sonorousness.  Bronze  is  an  alloy  of  copper  wiA  about 
eight  or  ten  per  cent  of  tin,  together  with  small  quantities  of  other 
,  metals  which'  are  not  essential  to  the  compound.  Gannons  are  cast 
with  ap  alloy  of  a  similar  kind. 

The  best  bell-metal  is  composed  of  80  parts  of  zinc  and  20  of  tin : 
the  Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains 
copper  and  tin  in  this  proportion.  A  specimen  of  English  bell-metal 
was  found  by  Dr  Thomson  to  consist  of  80  parts  of  copper,  lO.l  of 
tin,  5.6  of  zinc,  and  4.8  of  lead.  Lead  and  antimony,  though  in  small 
quantity,  have  a  remarkable  effect  in  diminishing  the  elwticity  and 
sonorousness  of  the  compound.  The  speeulwn'fnetdl,  with  which 
mirrors  for  telescopes  are  made,  consists  of  about  two  parts  of  copper 
and  one  of  tin.  The  whiteness  of  the  alloy  is  improved  t»y  the  ad- 
dition of  a -little  arsenic. 

Copper  and  zinc  unite  in  several  proportions,  formhig  allojrs  of 
great  importance  in  the  arts.  Thebest  brass  ^eonsists  of  four  parts  of 
copper  to  one  of  zinc ;  and  when  the  latter  is  in  a  greater  proportion, 
compounds  are  generated  which  are  ciilled  Tonibae,  Vuek'gold,  and 
Pinehheck.  The  white  copper  of  the  Cliinese  Is  composed,  accord- 
Gg 
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iD|^  io  the  analysis  of  Dr  Fyfe,  of  40.4  parts  of  copper,  25.4  of  zme, 
81 .6  of  nickel,  and  2.6  of  iron. 

The  art  of  tinning  copper  consists  in  covering  that  metal  with  a 
thin  layer  of  tin,  in  order  to  protect  its  surface  from  rusting.  Foe 
this  purpose,  pieces  of  tin  are  placed  upon  a  well  polished  sheet  of 
copper,  which  is  heated  sufficiently  for  fusing  the  tin.  As  soon  as  the 
tin  liquefies,  it  is  rubbed  over  the  whole  sheet  of  copper,  and  if  the 
process  is  skilfully  conducted,  adheres  uniformly,  to  its  surface.  The 
oxidation  of  the  tin,  a  circumstance  which  would  entirely  prevent  the 
success  of  the  operation,  is  avoided  by  employing  fragments  of  resin 
or  muriate  of  ammonia,  and  regulating  the  temperature  with  great 
care.  The  two  metals  do  not  actually  combine  with  one  another ; 
but  the  adhesion  is  certainly  owing  to  their  mutual  affinity.  Iron, 
which  has  a  weaker  attraction  than  copper  for  tin,  is  tinned  with  more 
difficulty  than  that  metal. 

Alloys  of  Steel. 

Messrs  Stodart  and  Faraway  have  succeeded  in  making  some  very 
important  alloys  of  steel  with  other  metals.  (Philos.  Trans,  for  1822.) 
Their  experiments  induced  them  to  believe  that  the  celebrated  Indian 
steel,  called  wooiz,  is  an  alloy  oT  steel  with  small  quantities  of  siiicium 
and  aluminium ;  and  they  succeeded  in  preparing  a  similar  compounf], 
possessed  of  all  the  properties  of  wootz.  Th6y  ascertained  that  silver . 
combines  with  steel,  forming  an  alloy  which,  although  it.contains  only 
l*500th  of  its  weight  of  silver,  is  superior  to  wootz  or  the  best  cast 
steel  in  hardness.  The  alloy  of  steel  with  100th  part  of  platinum, 
though  less  hard  than  that  with  silver,  possesses  a  greefter  degree  of 
toughness,  and  is  therefore  highly  valuable  when  tenacity  as  well  as 
hardness  is  required.  The  alloy  of  steel  with  rhodiiin^  even  exceeds 
the  two  former  in  hardness.  The  compound  of  steel  with  palladium, 
and  of  steel  wijh  iridium  and  osmium,  is  likewise  exceedingly  hard ; 
but  these  alloys  cannot  be  employed  extensively,  owing  to  the  rarity 
of  the  metals  of  which  they  are  composed. 

Mloys  of  Silver, 

Silver  is  capable  of  uniting  with  most  other  metals,  and  suffers 
greatly  in  malleability  and  ductility  by  their  presence.  It  may  contain' 
a  large  quantity  of  copper  without  losing  its  white  colour.  The  stand- 
ard silver  for  coinage  contains  about  1-I8th  part  of  copper,  which  in- 
creases its  hardness,  and  thus  renders  it  more  fit  for  coins  and  many 
other  purposes. 

Alloys  of  Gold. 

The  presence  of  other  metals  in  gold  has  a  remarkable  effect  in  im- 
pairing its  malleability  and  ductility.  The  metals  which  possess  this 
property  in  the  greatest  degree  are  bismuth,  lead,  antimony,  and  ar- 
senic. Thus,  when  gold  is  alloyed  with  1-1 920th  part  of  its  weight 
of  lead,  its  malleability  is  surprisingly  diminished.  A  very  small  pro- 
portion of  copper  has  an  influence  over  the  colour  of  gold,  communi- 
cating to  it  a  red  tint,  which  becomes  deeper  as  the  quantity  of  cop- 
per increases.  Pure  gold,  being  too  soft  for  coinage  and  many  purpo- 
ses in  the  arts,  is  always  alloyed  either  with  copper  or  an  alloy  of 
copper  and  silver,  which  increases  the  hardness  of  the  gold  without 
materiallv  affecting  its  colour  or  tenacity.  Gold  coins  contain  about 
l-12th  of  copper. 
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SALTS. 


GEJ^ERJIL  REMARKS  OJST  SALTS. 

In  the  preceding  pages  I  have  been  chiefly  occupied  with  the  des- 
cription either  of  elementary  principles,  or  of  compounds  immediately 
resulting  from  their  union.  The  class  of  bodies  which  I  am  now  to 
describe  is  of  a  different  nature,  being  exclusively  compounds  derived 
from  the  combination  of  other  compound  bodies. 

The  term  salt  is  often  somewhat  vaguely  employed  in -chemistry, 
but  according  to  the  usage  of  most  chemists,  it  denotes  a  tlefinite 
compound  of  an  acid,  and  an  alkaline  or  salifiable  base,  both  of  which 
are  in  every  case  composed  of  at  least  two  simple  substances.  Sul- 
phate of  potassa,  for  instance,  is  a  salt,  the  acid  of  which  consists  of 
oxygen  and  sulphur,  and  the  base  of  oxygen  and  potassium.  A  dif- 
ferent view  may  indeed  be  formed  of  the  nature  of  a  salt.  Thus,  to 
employ  the  example  already  adduced,  sulphate  of  potassa  contains 
sulphur,  oxygen,  and  potassium ;  and  it  may  be  thought  that  these 
three  elements  do  not  exist  in  the  salt  as  sulphuric  acid  and  potassa, 
but  are  combined  directly  and  indiscriminately  with  one  another. 
But  such  an  opinion  is  gratuitous  and  untenable.  Sulphate  of  potassa 
is  said  to  contain  sulphuric  acid  and  potassa,  because,  in  the  first 
place,  it  is  formed  by  the  direct  mixture  of  these  two  substances  ; 
secondly,  because  the  acid  and  the  altcali,  after  combination,  may  be 
separated  and  again  procured  in  their  original  state  by  the  agency  of 
galvanism ;  and,  thirdly,  because  no  known  affinity  is  in  operation  by 
which  the  tendency  of  potassium  to  constitute  potassa  with  oxygen, 
or  of  sulphur  to  form  sulphuric  acid  with  the  same  element,  may  be 
counteracted.  It  is  probable,  indeed,  that  all  compounds  consisting 
of  three  or  more  elementary  principles,  are  composed  of  binary  com- 
pounds united  with  one  another.  , 

In  studying  the  salts,  it  is  important  to  set  out  with  correct  ideas 
concerning  the  nature  of  an  acid  and  of  an  alkaline  base,  and  I  shall, 
therefore,  make  a  few  preliminary  remarks  concerning  the  nature  and 
characteristic  properties  of  these  two  classes  of  compounds. 

An  acid  is  commonly  regarded  as  a  substance  which  has  a  sour 
taste,  reddens  litmus  paper,  and  neutralizes  alkalies.  But  these 
properties,  though  very  conspicuous  in  all  the  powerful  acids,  are  not 
altogether  general,  and,  therefore,  cannot  serve  the  purpose  of  a 
definition.  Thus  insoluble  acids,  owing  to  their  insolubility,  do  not 
taste  sour,  nor  redden  litmus  paper ;  and  some  bodies,  such  as  carbonic 
acid  and  sulphuretted  hydrogen,  the  title  of  which  to  be  placed  among 
the  acids  cannot  be  called  in  question,  are  unable  to  destroy  the 
alkaline  reaction  of  potassa.  The  most  correct  definition  of  an  acid 
with  which  I  am  acquainted  is  the  following ; — an  acid  is  a  compound 
which  is  capable  of  uniting  in  definite  proportion  with  alkaline  bases. 
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and  which,  when  ttquid  or  in  a  state  of  aol^tioo,  has  either  a  sour 
taste,  or  reddens  litmus  paper. 

Most  .of  the  acids  contain  oxygen  as  one  of  their  elements,  a  cir- 
cumstance which  induced  Lavoisier  to  suppose  that  oxygen  possesses 
some  specific  power  of  causing  acidity,  and  for  this  reason  he  regarded 
it  as  the  adding  princ^le.  The  acquisition  of  new  facts,  how- 
ever, has  shown  the  fidlacy  of  his  opinion.  Acids  may  and  do  exist 
which  contain  no  trace  of  o;iygen,  nor  does  its  presence  necessarily 
ffive  rise  to  acidity.  The  compeundf  of  oxyeen  are  frequently  alka- 
une  instead  of  acid  ;  and  in  many  instances  tney  are  neither  acid  nor 
allcaline.  No  substance,  excepting  the  deutoxide  of  hydrogen,  con- 
tains a  larger  proportional  quantity  of  oxygen  than  water,  and  yet  this 
fluid  does  not  pcwsess  the  slightest  degree  of  acidity.  The  progress 
of  science,  indeed,  seems  to  justify  the  opinion,  that  there  is  no  body 
to  which  the  term  acidilying  principle  is  strictly  applicable.  The 
acidity  of  any  substance  cannot  be  referred  to  one  of  its  elements 
rather  than  the  other ;  but  is  a  new  property  peculiar  to  the  com- 
pound, and  to  which  each  of  its  constituents  contributes. 

An  alkali  is  characterized  by  a  peculiar  pungent  taste,  by  its  alka- 
line reaction  on  vegetable  colours,  and  bv  neutralizing  acids.  There 
are  many  salifiable  bases,  however,  which  do  not  possess  these 
characters.  Thus  pure  magnesia,  though  it  is  a  strong  alkaline  base> 
and  forms  neutral  salts  with  acids,  is  insipid,  and  barely  produces  aa 
appreciable  eifect  on  yellow  turmeric  paper, — an  inaction  obviously 
owing  to  its  insolubility.  Some  compounds  neutralize  the  properties 
of  acids  in  an  imperfect  manner,  although  they  form  perfect  salts- 
For  these  reasons,  it  is  desirable  to  define  precisely  what  is  meant  by 
a  salifiable  base,  and  the  following  de^nition  appears  to  me  to  answer 
the  purpose.  Every  compound  may  be  regarded  as  an  alkaline  or 
salifiable  base,  which'  fonps  definite  compounds  with  acids,  and  which* 
when  liquid  or  in  a  state  of  solution,  has  an  alkaline  reaction.  AU 
alkaline  bases,  with  the  exception  of  ammonia  and  the  vegetable 
alkalies,  are  metallic  oxides. 

The  nomenclature  of  the  salts  was  explained  on  a  former  occasion. 
(Page  101.)  The  insufficiency  of  the  division  into  neutral,  super ^ 
and  8ub'B2AiB  will  be  made  apparent  by  the  following  remarks.  In  the 
first  place,  some  alkaline  bases  form  more  than  one  super-salt,  in 
which  case  two  or  more  different  salts  would  be  included  under  the 
same  name  Secondly,  some  salts  have  an  acid  reaction,  and  might 
tlierefore  be  denominated  super- salts,  although  they  do  not  contain 
an  excess  of  acid.  Nitrate  of  lead,  for  instance,  has  the  property  of 
reddening  litmus  paper ;  whereas  it  consists  of  one  equivalent  of  the 
oxide  of  lead  and  one  equivalent  of  nitric  acid,  and,  therefore,  in 
composition  is  precisely  analogous  to  nitrate  of  potassa,  which  is  a 
neutral  salt.  This  fact  was  noticed  some  years  ago  by  Berzeliua, 
who  accounted  for  the  circumstance  in  the  following  manner.  The 
colours  of  litmus  is  naturally  red,  and  it  is  only  rendered  blue  by  the 
colouring  matter  combining  with  an  alkali.  If  an  acid  be  added  tp 
the  blue  compound,  the  colouring  matter  is  deprived  of  its  alkali,  and 
thus,  being  ser  free,  resumes  its  red  -tint.  Now  on  bringing  litmus 
paper  in  contact  with  a  salt,  the  acid  and  base  of  which  have  a  weak 
attraction  for  each  other,  it  is  possible  that  the  alkali  contained  in  the 
litmus  paper  may  have  a  stronger  affinity  for  the  acid  of  the  salt  than 
the  base  has  with  which  it  was  combined  ;  and  in  that  case,  the  alkali 
of  the  litmus  being  neutralized,  its  red  colour  would  necessarily  be 
restored.  It  is  hence  apparent  that  a  sftlt  may  have  an  acid  r^PCtlon 
without  having  an  excess  of  acid. 
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As  every  acid,  with  few  exceptions,  is  capable  of  uniting  with  every 
nlkaline  base,  and  frequently  in  two  or  more  proportions,  it  is  manifest 
that  the  salts  must  constitute  a  very  numerous  class  of  bodies.  It  is 
necessary,  on  this  account,  to  facilitate  the  study  of  them  as  much  as 
possible  by  classification.  They  may  be  conveniently  arranged  by 
placing  together  those  salts  which  contain  either  the  same  salifiable 
base  or  the  same  acid.  It  is  not  very  material  which  principle  of 
arrangement  is  adopted ;  but  I  give  the  preference  to  the  latter, 
because,  in  describing  the  individual  oxides,  I  have  already  mentioned 
the  characteristic  features  of  their  salts,  and  have  thus  anticipated  the 
chief  advantage  that  arises  from  the  former  mode  of  classification.  I 
shall,  therefore,  divide  the  salts  into  groups,  placing  together  those 
saline  combinations  which  consist  of  the  same  acid,  united  with 
different  salifiable  bases.  The  salts  of  each  group,  in  consequence  of 
containing  the  same  acid,  possess  certain  characters  in  common,  by 
which  they  may  all  be  distinguished;  and,  indeed,  the  description  of 
many  salts,  to  which  no  particular  interest  is  attached,  is  sufficiently 
comprehended  in  that  of  its  group,  and  may,  therefore,  be  omitted. 

Nearly  all  salts  arS  solid,  and  most  of  them  assume  crystalline  forms 
when  their  solutions  are  spontaneously  evaporated. 

Th€  colour  of  salts  is  very  variable.  Those  that  are  composed  of  a 
colourless  base  and  acid  are  always  colourless.  There  is  no  necessary 
connection  between  the  colour  of  an  oxide  or  an  acid  and  that  of 
its  salts.  A  salt  though  formed  of  a  coloured  oxide  or  acid,  may  be 
colourless ;  and  if  it  is  coloured,  the  tint  may  differ  from  that  of  both  its 
constituents. 

All  soluble  salts  are  more  or  less  sapid,  while  those  that  are  in- 
soluble in  water  are  insipid.  Few  salts  are  possessed  of  odour:  the 
only  one  which  is  remarkable  for  this  property  is  the  carbonate  of 
ammonia. 

Salts  differ  remarkably  in  their  affinity  for  water.  Thus  some 
salts,  such  as  the  nitrates  of  lime  and  magnesia,  are  deUquescent,  that 
is,  attract  moisture  from  the  air,  and  become  liquid.  Others,  which 
have  a  less  powerful  attraction  for  water,  undergo  no  change  when 
the  air  is  dry,  but  become  moist  in  a  humid  atmosphere;  and  others 
may  be  exposed  without  change  to  an'atmosphere  loaded  with  watery 
vapour. 

Salts  differ  likewise  in  the  degree  of  solubility  in  water.  Some 
dissolve  in  less  than  their  weight  of  water;  while  others  require 
several  hundred  times  their  weight  of  this  liquid  for  solution,  and 
others  are  quite  insoluble.  This  difference  depends  on  two  circum< 
stances,  namely,  on  the  degree  of  their  affinity  for  water,  and  on  their, 
cohesion ;  their  solubility  being  in  direct  ratio  with  the  first,  and  in 
inverse  ratio  with  the  second.  One  salt  may  have  a  greater  affinity 
for  water  than  another,  and  ^et  be  less  soluble ;  an  effect  which  may 
be  produced  by  the  cohesive  power  of  the  salt  which  has  the 
stronger  attraction  for  water,  being  greater  than  that  of  the  salt  which 
has  a  less  powerful  affinity  for  that  liquid.  The  metnod  proposed  by 
Gay-Lqssac  for  estimating  the  relative  degrees  of  affinity  of  salts  for 
water,  (An.  de  Ch.  Ixxxii.)  is  by  dissolving  equal  quantities  of  salts 
'  in  equal  quantities  of  water,  and  applying  neat  to  the  solutions. 
That  salt  which  has  the  greatest  affinity  for  the  menstruum  will  retain 
it  with  most  force,  and  will,  therefore,  require  the  highest  tempera- 
ture for  boiling. 

Salts  which  are  soluble  in  water  crystallize  more  or  less  regularly 
when  their  solutions  are  evaporated.    If  the  evaporation  is  rendered 
rapid  by  heat,  the  salt  is  usually  deposited  *o  a  confused  crystalline 
6g  2 


378  GfaMfol  Bem0rk$  on^S0Us. 

mu»i  but  if  it  take  place  alowly,  re^lar  erystals  are  (arqcied.  The 
best  mode  of  cooducting  the  process,  is  to  dissolve  a  salt  io  bot  water^ 
and  when  it  has  become  quite  cold,  to  pour  the  aatyrated  solutioQ 
into  an  evaporating  basin^  which  is  to  be  set  aside  for  several  days  or 
weeks  without  being  moved.  As  the  water  evaporates,  the  salt  as^ 
sumes  the  solid  form ;  and  the  sbwer  the  etaporation,  the  more  re- 

Stlar  are  the  crystals.  Some  salts  which  are  much  more  soluble  in  hot 
an  io  cold  water,  crystallize  with  considerable  regularity  when  aboU* 
iDg  saturated  solution  is  slowly  cooled.  The  (brm  which  salts  assume 
in  crystatlizine  is  constant  under  the  same  circumstances,  and  consti^ 
tutes  an  excellent  character  by  which  they  may  be  distinguished  from 
one  another. 

Many  salts  during,  the  act  of  crystallizing  unite  chemically  wiih  a 
definite  portion  of  water,  which  forms  an  essential  part  of  the  crystal, 
and  is  termed  the  water  otcrystdUization.  The  quantity  of  combined 
water  is  very  variable  in  different  saline  bodies,  but  is  uniform  in 
the  same  salt.  A  salt  may  contain  more  than  half  its  weight  of  water, 
and  yet  be  quite  dry.  On  exposing  a  salt  of  this  kind  to  heat,  it  is 
dissolved,  if  soluble,  in  its  own  water  of  crystallization,  undergoing 
what  is  termed  the  watery  fiision.  By  a  strong  heat,  the  whole  of  the 
water  is  expelled  ;  for  no  salt  can  retain  its  water  of  crystallization  when 
heated  to  redness.  Some  salts,  such  as  the  sulphate  and  phosphate 
«  of  soda,  lose  a  portion  of  their  water,  and  crumble  down  into  a  white 
powder,  by  mere  exposure  to  the  air,  a  change  which  is  called 
^orescenee.  The  tendency  of  .salts  to  undergo  this  change  depends 
on  the  dryness  and  coldness  of  the  air ;  for  a  salt  which  effloresces 
rapidly  in  a  moderately  dry  and  warm  atmosphere,  may  often  be  kept 
without  change  in  one  which  is  damp  and  cold. 

Salts,  in  crystallizing,  frequently  inclose  mechanically  within  their 
texture  particles  of  water,  by  the  expansion  of  which,  when  heated, 
the  salt  is  burst  with  a  crackling  noise  into  smaller  fragments.  This 
phenomenon  is  known  by  the  name  of  decrepitation,  Berzelius  has 
correctly  remarked  that  those  crystals  decrepitate  most  powerfully, 
such  as  the  nitrates  of  baryta  and  of  lead,  which  contain  no  water  of 
crystallization. 

The  atmospheric  pressure  is  said  to  have  considerable  influence  on 
the  crystallization  of  salts.  If,  for  example,  a  concentrated  solution* 
composed  of  about  three  parts  of  sulphate  of  soda  in  crystals  to  two 
'  of  water,  is  made  to  boil  briskly,  and  the  flask  which  contains  it  is 
then  tightly  corked,  while  its  upper  part  is  full  of  vapour,  the  solution 
will  cool  down  to  the  temperature  of  the  air  without  crystallizing, 
and  may  in  that  state  be  preserved  for  months  without  change.  Be- 
fore removal  of  the  cork,  the  liquid  may  often  be  briskly  agitated 
without  losing  its  fluidity ;  but  on  re*  admitting  the  air,  crystallization 
commonly  commences,  and  the  whole  becomes  solid  in  tne  course  of 
a  few  seconds.  The  admission  of  the  air  sometimes,  indeed,  fails  in 
causing  the  effect ;  but  it  may  be  produced  with  certainty  by  agitation 
or  the  introduction  of  a  solid  body.  The  theoiy  of  this  phenomenon 
is  not  very  apparent.  Gay-Lussac  has  shown  that  it  does  not  depend 
on  atmospheric  pressure,  (An.  de  Ch.  vol.  Ixxii^vii.)  ;  for  he  finds  that 
the  solution  may  be  cooled  in  open  vessels  without  becoming  solid, 
provided  its  surface  be  covered  with  a  film  of  oil ;  and  I  have  frequer^t- 
ly  succeeded  in  the  same  experiment  without  the  use  of  oil,  by 
causing  the  air  of  the  flask  to  communicate  with  the  atmosphere  by 
means  of  a  moderately  narrow  tube.  It  appears  from  some  experi- 
ments of  Mr  Graham,  published  in  the  Philesophical  Transactions  of 
"Edinburgh  for  1828,  that  the  influence  of  the  air  mfty  be  ascribed  to 
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it«  UDiting  chemicaUy  with  water ;  for  he  has  proved  that  gases  which 
are  morelireely  absorbed  than  atmospheric  air,  act  more  rapidly  in 
producing  crystallizatioiv  Indeed,  the  rapidity  of  crystallization,  oc» 
casionedby.the  contact  of  gaseous  matter,  seems  proportional  to  the 
degree  of  its  affinity  for  water.  , 

'  The  same  quantity  of  water  may  hold  several  different  salts  in  sola* 
tion,  provided  they  do  not  mutually  decompose  each  other.  The  sol- 
vent power  of  water  with  respect  to  one  salt  is,  indeed,  sometimes 
increased  by  the  presence  of  another,  owing  to  combination  taking 
place  between  the  two  salts. 

Most  salts  produce  cold  during  the  act  of  dissolving  in  water,  espe- 
cially when  they  are  dissolved  rapidly  and  in  large  quantity.  The 
greatest  reduction  of  temperature  is  occasioned  by  those  which  coo- 
tain  water  of  crystallization. 

Ali  salb  are  decomposed  by  Voltaic  electricity,  provided  they  are 
either  moistened  or  in  solution.  The  acid  appears  at  the  positive  pole 
of  the  battery,  and  the  oxide  at  its  opposite  extremi^ ;  or  if  the  oxide 
is  of  easy  reduction,  the  metal  itselr  goes  over  to  the  negative  side, 
and  its  oxygen  accompanies  the  acid  to  the  positive  wire. 

The  composition  of  salts  is  subject  to  the  laws  of  chemical  union ; 
and,  indeed,  the  study  of  these  compounds  by  Wenzel,  Richter,  and 
Berzelius,  together  with  the  facts  ascertamed  by  Dr  Wollaston  and 
Dr  Thomson,  tended  materially  to  establish  the  doctrine  of  definite 
proportion.  All  salifiable  bases,  consisting  of  one  equivalent  of  a  me- 
tal and  one  equivalent  of  oxygen,  are  converted  into  neutral  salts,  that 
is,  into  salts  without  excess  either  of  acid  or  base,  by  uniting  with  one 
equivalent  of  an  acid.  When  a  metal  forms  two  salifiable  bases  with 
oxygen,  the  peroxide  manifests  a  tendency  to  unite  with  more  acid 
than  the  protoxide,  and  Gay-Lussaft  has  demonstrated  the  existence 
of  the  following  law  i—thcU  the  quantity  of  add  which  the  oxides  of 
the  same  metal  require  for  saturation,  is  in  the  same  ratio  as  tfu 
quantity  of  oxygen  contained  in  their  oxides.  (Memoirs  D'Arcueil, 
vol.  ii.)  Thus,  while  the  protosulphate  of  iron  contains  one  equiva- 
lent of  each  of  its  elements,  the  soluble  persulphate  is  composed  of 
one  equivalent  of  the  peroxide  c^  iron,  and  one  equivalent  and  a  half 
of  sulphuric  acid.  In  like  manner,  the  peroxides  of  mercury  and  cop- 
per are  disposed  to  unite  with  two  equivalents  of  acid,  or  twice  as 
much  as  would  form  a  neutral  salt  with  the  protoxides  of  those  metals. 
Hence,  when  a  peroxide  unites  with  one  equivalent  of  an  acid,  the 
product  is  commonly  &  sub-salt. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds 
which  were  formeriy  called  triple  salts  ;  but  as  the  term  double  salt, 
proposed  by  Berzelius,  gives  a  more  correct  idea  of  their  nature  and 
constitution,  I  shall  always  employ  it  by  preference.  These  salts 
may  be  composed  either  of  one  acid  and  two  bases,  or  of  two  acids 
and  one  baSe,  and  roost  probably  of  two  different  acids  and  two  differ- 
ent bases.  Neariy  all  the  double  salts  hitherto  examined,  consist  of 
the  same  acid  and  two  different  bases. 

On  Crystallization. 

The  particles  of  liquid  and  gaseous  bodies.  duriUjg  the  formation  of 
solids,  sometimes  cohere  together  in  an  inqisqrimmate  manner,  and 
give  rise  to  irregular  shapeless  masses;  but  more  frequently  they 
attach  themselves  to  each  other  in  a  /certain  order,  so  as  to  constitute 
solids  possessed  of  a  reguiariy  limited  form.  The  process  by  which 
such  a  body  is  produced,  is  called  ayntdUization  ;  the  solid  itself  is 
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termed  a  crystal ;  and  the  science,  the  object  of  which  is  to  study 
the  form  of  crystals,  is  crystallography. 

Most  bodies  crystallize  under  favourable  circumstances.  The  con- 
dition by  which  the  process  is  peculiarly  favoured,  is  the  slow  and 
gradual  change  of  a  fluid  into  a  solid,  the  arrangement  of  the  particles 
being  at  the  same  time  undisturbed  by  motion.  This  is  exemplified 
during  the  slow  cooling  of  a  fused  mass  of  sulphur  or  bismuth,  or  the 
spontaneous  evaporation  of  a  saline  solution ;  and  the  origin  of  the 
numerous  crvstals,  which  are  found  in  the  mineral  kingdom,  may  be 
ascribed  to  the  influence  of  the  same  cause. 

Crystallographers  have  observed  that  certain  crystalline  forms  are 
peculiar  to  certain  substances.  Thus  calcareous  spar  crystallizes  in  . 
rhombohedrons,  fluor  spar  in  cubes,  and  quartz  in  six-sided  pyramids ; 
and  these  forms  are  so  far  peculiar  to  those  substances,  that  fluor  spar 
is  never  found  in  rhombohedrons  or  six-sided  pyramids,  nor  does 
calcareous  spar  or  quartz  ever  occur  in  cubes.  Crystalline  form 
may,  therefore,  serve  as  a  ground  of  distinction  between  different  sub- 
stances. It  is  accorclingly  employed  by  mineralogists  for  distinguish- 
ing one  mineral  species  from  another ;  and  it  is  very  serviceable  to 
the  chemist  as  affording  a  physical  character  for  salts.  On  this  account 
I  have  thought  it  would  be  useful,  before  describing  the  individual 
salts,  to  introduce  a  few  pages  on  crystallization  ;  but  from  the  great 
extent  of  the  subject,  which  now  constitutes  a  separate  science,  my 
remarks  must  necessarily  be  limited,  and  comprehend  little  else  than 
an  enumeration  of  the  primary  forms.  To  those  who  are  desirous  of 
more  ample  information,  I  may  recommend  Mr  Brooke's  "  Familiar 
Introduction  to  Crystallography,"  or  the  translation  of  Mohs*s  Trea- 
tise on  Mineralogy  by  Mr  Haidinger. 

The  surfaces  which  limit  the  figure  of  crystals  are  called  planes  or 
/a£e«,  and  are  generally  flat.   The  lines  formed  ^''~  * 

by  the  junction  of  two  planes  are  called  edges  ; 
and  the  angle  formed  by  two  such  edges  is  a 
plane  angle.  A  solid  angle  is  the  point  form- 
ed by  the  meeting  of  at  least  three  planes. 
Thus  in  the  cube  or  hexahedron,  figure  1, 
o  a  a  are  planes,  h  h  are  edges,  and  e  c  solid 
angles.  The  cube,  it  is  apparent,  has  six 
planes  or  faces,  twelve  edges,  and  eight  solid 
angles.  Each  of  the  faces  has  four  angles, 
which  are  rectangular.  ** 

The  forms  of  crystals  are  exceedingly  diversified.  They  are  divided 
by  crystallographers  into  what  are  called  primitive,  primary,  deriva- 
tive, or  fundamental  forms,  and  into  secondary  or  derived  forms. 
This  distinction  is  founded  on  the  fact,  that  the  same  substance  fre- 
quently assumes  different  crystalline  forms ;  which,  however,  though 
actually  different,  are  in  general  geometrically  allied  to  each  jother. 


A  body,  for  instance,  whose  ordinary  figure 
is  a  cube,  may  assume  a  shape  represented  by 
figure  2,  where  the  general  outline  is  cubic, 
but  the  solid  angles  are  replaced  by  triangular 
faces ;  just  as  if  the  crystal  had  been  originally 
a  perfect  cube,  and  its  eight  solid  angles 
subsequently  removed  by  mechanical  means. 
Instead  of  the  solid  angles,  the  edges  of  the 
cube  msi^  be  wanting,  and  a  new  form,  such 
as  figure  8,  be  produced.     If  the  new  plants 
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are  small,  the  ciystal  will  preserve  its  cubic  Fig.  8^ 

appearance ;  but  if  they  are  larger,  the  outline 
of  the  cubKB  will  l>e  less  distinct ;  and  should 
the  faces  of  the  original  cube  wholly  disappeur* 
a  form  altogether  different  will  result*  S»^ 
oondary  erj^stals  are  those  which  may  bf  thua 
deduced  by  the  substitution  of  pluoef  for  tli^ 
edges  or  angles  of  some  primary  form ;  apd 
the  primary  or  fundamental  form  is  that  from 
which  the  former  are  derived.  The  replace- 
ment is  commonly  produced  by  what  are  called  tangent  planes.  By 
a  tangent  plane,  in  reference  to  the  edge  of  a  crystal,  is  meant  a  plane 
inclined  equally  to  the  two  adjacent  primary  planes,  and  parallel  to  the 
edge  which  it  replaces.  In  allusion  to  a  solid  angle,  a  tangent  plane 
is  equally  indmed  on  all  theprtnifiry  plftp^.  of  wMqb  th«^aQli4  Vkg]^  is 
constituted. 

The  number  and  kind  of  primary  forms  ^v^  stated  4l^re!irt|y  by 
different  crvstallographevs»  aeeord^og  to  the  aysteqi  wbiob  they  »aopt ; 
but  I  apprehend  it  will  be  most  advi^iitageoqs  to  the  chemical  9  tudent 
to  be  acquainted  with  those  enumerated  bfy  Mr  QroQke  in  t^Q  work 
above  mentioned.    They  are  fifteen  number. 

1 .  The  first  is  the  hexahedron  or  cube  of  geometricians,  a  figure 
bounded  by  six  square  faces.  All  the  angles  of  its  edges  are  also 
equal  to  90  degrees.  (Fig.  1.)  Fig.  4.    , 


2.  The  tetrahedron,  a  regular  sqlid  of  ge- 
ometry is  contained  under  four  equilateial 
triangles,  and  therefore  all  its  pliMi^  angles  are 
equal  to  60  degrees.  The  laeea  incline  to 
each  other  at  the  edges  at  an  $U)gle  of  ,70°  31' 
44".    (Fig.  4.) 


S.  The  regular  octahedron  is  contained 
under  eight  equilateral  triangles,  figure  5,  and 
consequently  all  its  plauQ  angles  are  equal  tp 
60  degrees.  The  base  of  the  octahedron  bbbit 
is  a  square,  and  the  planes  incliQe  on  each 
other  at  the  edees  at  an  angle  of  109°  28' 
16".  The  ocfabedron  is  a  regular  9oUd  of 
geometry. 


4.  The  rhombic  dodecahedron,  figure  6,  Is 
limited  by  twelve  similar  rhombic  faces,  the 
plane  angles  of  which  are  equal  to  109^  28' 
16"  and  70<*  81'  44".  The  faces  incline  to 
each  other  at  the  edges  at  an  angle  of  120^. 
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5.  The  octahedron  with  a  aquare  base, 
figure  7,  is  bounded  by  eight  faces  which  are 
similar  isosceles  triangles.  The  base  bbbb  is 
always  a  square,  and  this  is  the  only  part  of 
the  ngure  which  is  constant. 


6.  The  rectangular  octahedron,  figure  8, 
is  limited  by  eight  isosceles  triangles,  four  of 
which  are  different  from  the  other  four.    The 
base  bbbb  is  always  a  rectangle ;  but  the  ratio  ff* 
of  its  two  sides,  as  well  as  all  the  other  di' 
mensions  of  the  figure,  is  variable. 


7.  The  rhombic  octahedron,  figure  9,  is 
contained  under  eight  faces  which  are  similar 
scalene  trianp^les,  and  the  base  bbbb  is  a 
rhomb.    All  its  dimensions  are  variable. 


8.  The  right  square  prism,  figure  10,  is  a  six 
sided  figure,  which  differs  from  the  cube  only 
in  its  four  IcUeral  planes  eccc  being  rectangles. 
The  extremities  or  terminal  planes  aa  are 
square.  The  term  right  denotes  that  the 
lateral  and  terminal  planes  are  inclined  to 
each  other  at  a  right  angle.  It  is  used  in  op- 
position to  obliquet  which  signifies  that  the 
sides  tire  not  perpendicular,  but  form  an 
oblique  angle  with  the  terminal  planes. 


9.  The  right  rectangular  prism,  figure  11, 
differs  from  the  former  in  the  terminal  planes 
aa  being  rectangular  instead  of  square. 


10.  The  right  rhombic  prism,  figure  12, 
differs  from  the  two  preceding  forms  only  in 
its  terminal  planes  aa  being  rhombs. 
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Fig.  13. 


11.  The  right  rhomboidal  prism,  figure  13, 
differs  from  the  preceding  form  in  the  terminal 
planes  aa  being  rhomboids. 


12.  In  the  oblique  rhombic  prism,  the  ter- 
minal planes  aa  are  rhombic,  and  the  lateral 
planes  form  an  oblique  angle  with  them. 
(Fig.  14.) 


13.  The  oblique  rhomboidal  prisiA,  some- 
times called  the  doubly  oblique  prism,  figure 
15,  differs  frpm  the  preceding  form  in  th^ 
terminal  planes  aa  being  rhomboids. 


Fig.  16. 


Fig.  16. 


14.  The  rhombohedron,  figure  16,  is  bound- 
ed by  six  rhombic  faces,  which  are  exactly  of     ^ 
the  same  size  and  form.  y 


15.  The  regular  hexagonal  prism,  figure 
17,. is  bounded  by  six  perpendicular  or  lateral, 
and  two  horizontal  or  terminal  planes,  which 
are  at  right  angles  to  the  former.  Like  the 
regular  hexagon  of  geometry,  the  lateral  planes 
incline  to  each  other  at  an  angle  of  120  de- 
grees. I  f  these  angles  are  not  o^  1 20  degrees, 
the  prism  is  irregular. 

The  four  first  forms  .are  geometrically  allied 
to  each  other.  Thus  if  the  six  solid  angles 
of  the  regular  octahedron  are  replaced  by  tan- 
gent planes,  as  in  figure  18,  and  these  are  en- 
larged until  they  intersect  each  other,  and 
the  faces  of  the  octahedron  disappear,  a  per- 
fect cube  is  produced.  If  the  twelve  edges 
of  the  octahedron  are  replaced  by  tangent 


Fig.  1^. 
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planes,  U  in  figare  19,  and  these  are  extend-  Fig.  19. 

ed  till  tbey  mutually  intersect,  the  rhombic 

dodecahedron  will  be  formed.     The  cube 

may  by  analogous  changes  be  oottTeHed  Into 

the  octahedron,  tetrahedron,  and   rhombic 

dodecahedron.    For  if  the  eight  solid  angles 

of  the  cube  be  replaced  by  equilateral  trian- 

des,   (fig.  2.)   and  these   are  enlarged  till 

the  phnes  of  the  original  cube  are  destroyed, 

the  octahedron  results.    The  tetrahedron  may 

be  formed  by  replacing  the  four  solid  angles 

ce  and  <2d  of  the  cube  (fig.  1.)  ^y  tangent  planes,  so  fliat  all  Hs  oHM- 

nal  faces  disappear.    By  replacing  the  twelve  edffes  of  the  cube  with 

tangent  planes,  as  in  figure  8,  until  the  new  races  intcssect  each 

other,  the  rhombic  dodecahedron  will  be  produced.    By  the  <iorabi- 

nation  of  the  planes  of  different  primary  forms,  various  secondary  ones 

are  created,  as  is  made  obvious  by  the  figures,  and  will  be  rendered 

still  clearer  by  making  the  transitions  above  described  with  an  apple 

or  potato.    The  study  of  such  allied  forms  is  very  important,  because 

the  same  substance  often  occurs  in  several  of  these  figures,  and  may 

assume  all  of  them. 

The  octahedron  with  a  squflire  base  is  allied  to  the  right  aqoare 
prism.  Thus  if  in  fieure  1,  two  tangent  planes  are  substituted  for  the 
solid  angles  cut,  and  the  edges  of  the  base  are  replaced  by  faoes  per- 
pendicular to  the  former,  new  forms  will  result.  If  the  faces  of  the 
octahedron  disappear,  the  right  square  prism  is  formed ;  but  if  traces 
of  them  remain,  secondary  forms  intermediate  between  the  two  pri- 
mary ones  will  be  produced. 

The  rectangular  and  rhombic  octahedrons,  and  the  right  rectangu- 
lar and  rhombic  prisms  are  associated  with  each  other.  Thus  on  re- 
placing the  solid  angles  tuif  and  the  four  edges  of, the  base  «f  the  rectan- 
gular octahedron,  by  tangent  planes,  and  extending  them  till  fhe 
planes  of  the  octahedron  disappear,  the  right  rectangular  prism  is 
formed ;  and  the  rhombic  octahedron  bv  a  similar  change  is  converted 
into  the  right  rhombic  prism.  By  applying  tangent  planes  to  all  the 
edees  of  the  rhombic  octahedron  except  those  of  the  base,  the  rectan- 
gular octahedron  may  be  prodoced  ;  and  by  a  reversed  operation  the 
latter  is  converted  into  the  former.  In  th^  case  the  solid  anehss  of 
the  rhombic  octahedron  must  be  so  placed  as  to  bisect  the  edges  of 
the  base  of  the  rectangular  octahedron. 

The  rhombohedron  and  six  sided  or  hexagonal  prism  are  allied  to 
each  other.  If  tangent  planes  are  laid  on  the  two  solid  angles  aa  of 
the  rhombohedron,  (fig.  16,)  and  either  the  six  solid  lateral  angles 
marked  b,  or  the  edges  between  them,  are  replaced  by  equal  planes 
perpendicular  to  the  former,  a  six-sided  prism  results;  and  the  six-sid- 
ed prism  may  be  reconverted  into  the  rhombohedron,  by  replaemg  sll 
its  alternate  solid  angles  by  equal  and  similar  rhombic  ptatnea. 

The -six-sided  prism  is  often  associated  in  nature  with  a  double  she 
sided  pyramid,  formed  by  all  its  terminal  edges  being  repUoed  by 
isosceles  triangles.  If  the  faces  of  the  prism  disappear,  the  double 
six-^Jed  pyramid  results. 

The  crystalline  forms  which  have  an  intimate  geometrical' connet* 
tion  with  each  other,  are  considered  by  crystallographers  as  constitnt- 
ins  certain  groups,  which  are  termed  SystetM  of  CrystdUueaHon. 
Thus,  of  the  fifteen  primary  forms  above  described,  the  Tessular 
System  of  Mobs  comprehends  the  cube,  the  tetrahedron,  the  regular 
octahedron,  and  the  rhombic  dodecahedron,  together  with  several 
others  not  enumerated ;  his  Pyramidical  System  contains  the  octa- 
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hedn>n  with  a  square  base,  and  the  right  square  prism;  the  Prismatic 
System  contains  the  rectangular  and  rhombic  octahedron,  and  the 
right  rectangular  and  right  rhombic  prisms;  the  Hemiprismatic 
System  includes  the  right  rhomboidal  and  the  oblique  rhombic 
prisms ;  the  oblique  rhomboidal  prism  belongs  to  the  Tetrarto-prismatic 
System;  and  the  Rhombohedral  System  comprehends  the  rhombo- 
hedron  and  (he  regular  hexagonal  prism.  This  distinction  is  so  far 
important,  that  all  the  forms  which  a  salt,  or  aiiy  substance  in 
general  assumes,  must  belong  to  the  same  system  of  crystallization. 

Besides  the  distinction  arising  from  external  form,  minerals  are  fur- 
ther distinguished  by  differences  in  the  mechanical  connection  of  their 
particles,  peculiarities  which  mineralogists  designate  by  the  name  of 
structure.  The  structure  of  a  mineral  arises  from  its  particles  adher- 
ing at  some  parts  less  tenaciously  than  at  others,  and  consequently 
•yielding  to  force  in  one  direction  more  readily  than  at  another.  Struc- 
ture is  sometimes  visible  by  holding  a  mineral  between  the  eye  and 
the  light ;  but  in  general  it  is  brought  into  view  by  effecting  the  actual 
separation  of  parts  by  mechanical  means. 

The  structure  of  minerals  may  be  regular  or  irregular.  It  is  re- 
gular when  the  separation  takes  place  in  such  a  manner,  that  the  de- 
tached surfaces  are  smooth  and  even,  like  the  planes  of  a  crystal ;  and 
it  is  irregular,  when  the  new  surface  does  not  possess  this  character. 

A  mineral  which  possesses  a  regular  structure  is  said  to  be  cleavable, 
or  to  admit  of  cleavage  ;  the  surfaces  exposed  by  splitting  or  cleaving 
a  mineral  are  termed  the  faces  of  cleavage ;  and  the  direction  in 
which  it  may  be  cleaved  is  called  the  direction  of  cleavage.  Some- 
times a  mineral  is  cleavable  only  in  one  direction,  and  is  then  said  to 
have  a  single  cleavage.  Others  may  be  cleaved  in  two,  three,  four, 
or  more  directions,  and  are  said  to  have  a  double^  treble,  fourfold 
cleavage,  and  so  on,  according  to  their  number. 

Minerals  that  are  cleavable  in  more  than  two  directions  may,  by 
the  removal  of  layers  parallel  to  the  planes  of  their  cleavage,  be  often 
made  to  assume  regular  primary  forms,  though  they  may  originally 
have  possessed  a  different  figure.  Calcareous  spar,  for  example,  oc- 
curs in  rhombohedrons  of  different  kinds,  in  hexagonal  prisms,  in  six 
sided  pyramids,  and  in  various  combinations  of  these  forms ;  but  it  has 
three  sets  of  cleavage,  which  are  so  inclined  to  each  other  as  to  con- 
stitute a  rbombohedron  of  invariable  dimensions,  and  into  that  form 
every  crystal  of  calcareous  spar  may  be  reduced.  Lead  glance  pos- 
sesses a  treble  cleavage,  the  planes  of  which  are  at  right  angles  to 
each  other ;  and  hence  it  is  always  convertible  by  cleavage  into  the 
cube.  The  cleavages  of  fluor  spar  are  fourfold,  and  in  a  direction 
parallel  to  the  planes  of  the  regular  octahedron,  into  which  form 
every  cube  of  fluor  may  be  converted. 

Cleavage  not  only  affords  a  useful  character  for  distinguishing 
minerals,  but  is  frequently  employed  by  mineralogists  for  detecting 
the  primary  forms  of  crystals.  If  a  mineral  occur  in  two  or  more  of 
those  forms  which  have  been  enumerated  as  primary,  that  one  is  usu- 
ally selected  as  fundamental,  which  may  be  produced  by  cleavage. 
Thus  fluor  spar  Is  met  with  in  cubes,  in  the  form  of  the  regular  octa- 
hedron, and  as  the  rhombic  dodecahedron.  Of  these  the  cube  is  by  far 
the  most  frequent;  and  yet  the  octahedron  is  usually  adopted  as  the 
fundamental  form,  because  fluor  has  four  equally  distinct  cleavages 
parallel  to  the  planes  of  that  figure.  It  is,  indeed,  a  practice  veiy 
common  among  mineralogists,  not  only  to  consider  cleavaee  as  the 
most  influential  circumstance  in  fixing  the  primary  form  ofa  ciystal, 
but  to  adopt  as  such  no  figure  which'is  inconsistent  with  its  cleavages. 
H  h 
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Since  the  fonns  above  enumerated  us  belonging  to  the  tessttlar  sys- 
tem of  crystallization,  are  possessed  of  fixed  ioyariable  dimensions.  It 
it  obvious  that  minerals  or  other  crystallized  bodies  included  in  ffaat 
system  must  often  in  their  primaiy  forms  be  idoDtical  with  each  other. 
In'tbe  other  systems  of  crystallization  this  identity  is  not  necessary, 
because  the  dimensions  of  their  forms  are  variable.  Thus  octahedrons 
with  a  square  base  may  be  distinguished  by  the  relative  length  of 
their  axis,  sohie  being  flat  and  others  acute.  Rhombic  octahedrons 
may  be  distinguished  from  each  other  by  the  relative  length  of  their 
axis,  and  the  angles  of  their  base.  By  Haiiy  it  was  regarded  as  an 
axiom  in  crystallography,  that  minerals  not  belonging  to  the  tessular 
system  are  characterized  by  their  form ;  that  though  two  minerals 
may  in  form  be  analogous,  each  for  instance  being  a  rhombic  prism, 
the  dimensions  of  those  prisms  are  different.  Identity  of  form  in  crys- 
tals not  included  in  the  tessular  system  was  thought  to  indicate  iden- 
tity of  composition.  But  in  the  year  1819,  a  discovery  extremely  im- 
portant both  to  mineralogy  and  chemistry  was  made  by  Professor 
Mitscherlich  of  Berlin,  relative  to  the  connection  between  the  crystal- 
line form  and  composition  of  bodies.  It  appears  from  his  researches*, 
that  certain  substances  are  capable  of  being  substituted  for  each  other 
in  combination,  without  influencing  the  form  of  the  compound.  This 
singular  circumstance  has  been  ably  tl'aced  by  Professor  Mitscherlich 
in  the  salts  of  phosphoric  and  arsenic  acids.  Thus  the  neutral  phos- 
phate and  biphosphate  of  soda  have  exactly  the  same  form  as  the  ar- 
seniateand  binarseniate  of  soda.  The  phosphate  and  biphosphate  of 
ammonia  correspond  in  like  manner  to  the  arseniate  and  binarseniate  of 
ammonia.  The  neutral  phosphate  and  arseniate  of  potassa  could  not 
be  obtained  in  crystals  fit  for  examination ;  but  the  biphosphate  and 
binarseniate  of  that  alkali  have  the  same  form.  Each  arseniate  has  a 
corresponding  phosphate,  possessed  of  the  same  form,  and  containing 
the  same  number  of  equivalents  of  acid,  alkali,  and  water.  These 
series  of  salts  in  fact  differ  in  nothing  but  in  one  containing  arsenic 
and  the  other  phosphoric  acid. 

From  these  and  analogous  facts,  it  appears  that  certain  substances, 
when  similarly  combined  with  the  same  body,  are  disposed  to  affect 
the  same  crystalline  form.  This  discovery  has  led  to  the  formation  of 
groups,  each  comprehending  substances  which  crystallize  in  the  same 
manner,  and  which  are  hence  said  to  be  isomorphous.  The  salts  of 
arsenic  acid  are  isomorphous  with  those  of  phosphoric  acid.  The  ox- 
ide of  lead,  baryta,  and  strontia,  when  combined  with  the  same  acid, 
yield  salts  which  are  said  by  Professor  Mitscherlich  to  be  isomorphous. 
The  salts  of  lime  are  isomorphous  with  those  of  magnesia,  protoxides 
of  manganese,  iron,  cobalt,  and  nickel,  oxide  of  zinc,  and  peroxide  of 
copper.  The  salts  of  selenic  and  sulphuric  acids,  when  similarly 
united  with  water  and  the  same  base,  assume  the  same  form ;  and 
the  salts  of  the  peroxide  of  iron  are  isomorphous  with  those  of 
ahimina. 

The  similarity  of  the  chemical  constitution  of  isomorphous  bodies  is 
peculiarly  striking.  The  first  singularity  of  the  kind  which  merits 
notice,  is  the  tendency  of  some  isomorphous  salts  to  combine  with 
the  same  quantity  of  water  of  crystallization.  This  is  especially  re- 
markable in  the  salts  of  arsenic  and  phosphoric  acids.  The  biphos- 
phate and  binarseniate  of  potassa  crystallize  with  two  equivalents  of 


*  Annates  de  Ch.  et  de  Physique,  vol.  xiv.  172,  xix.  850,  and  xxiv. 
t64  and  856. 
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Vratjer.  The  neutral  phosphate  and  araeniate  of  soda  contain  twelve 
and  a  half  equivalents  of  water;  and  in  the  biphosphate  and  binarseni- 
ate  of  soda,  four  equivalents  of  water  are  present.  The  quantity  of 
water  contained  in  the  arseniates  of  ammonia  corresponds  to  that  of 
the  phosphates  of  ammonia.  Indeed  scarcely  any  crystallized  artifi- 
cial arseniate  is  known,  to  which  a  corresponding  phosphate  has  not 
been  discovered.  If,  on  .  the  contrary,  two  isoihorphous  salts  crys- 
tallize with  different  equivalent  quantities  of  water,  their  forms  are 
found  to  differ  also.  The  common  sulphates  of  manganese  and  cop- 
per differ  in  form  from  the  sulphates  of  iron  and  zinc ;  whereas  when 
their  crystals  contain  the  same  number  of  equivalents  of  water,  their 
form  is  identical.  Mitscherlich  has  remarked  that  isomorphous  salts, 
which  when  pure  combine  with  different  proportional  quantities  of 
water,  are  disposed  in  crystallizing  together  to  unite  with  the  same 
number  of  equivalents  of  water,  and  assume  the  same  form.  The 
mixed  sulphates  of  iron  and  copper  crystallize  together  with  great 
facility ;  and  the  crystals,  though  containing  a  considerable  quantity  ^ 
of  copper,  have  the  same  proportional  quantity  of  water  and  the  same 
form  as  the  pure  protosulphate  of  iron.  According  to  Mitscherlich, 
the  sulphates  of  zinc  and  copper,  of  copper  and  magnesia,  of  copper 
.  and  nickel,  of  zinc  and  manganese,  and  of  magnesia  and  manganese, 
crystallize  together  with  six  equivalents  of  water  of  crystallization, 
(the  same  number  he  states  as  in  protosulphate  of  iron)  and  have  the 
same  form  as  green  vitriol,  without  containing  a  trace  of  iron.  In 
these  instances  the  isomorphous  salts  do  not  occur  in  definite  propor- 
tions ;  so  that  though  they  crystallize  together,  they  do  not  appear  to 
.  be  chemically  united. 

The  similarity  in  the  chemical  constitution  of  isomorphous  sub- 
stances may  be  illustrated  in  a  different  way.  Thus,  in  isomorphous 
salts,  the  proportional  quantities  of  acid  and  base  are  the  same.  A 
neutral  phosphate  does  not  correspond  to  a  binarseniate,  nor  a  biphos- 
phate to  a  neutral  arseniate.  There  is  in  general  also  an  exact 
similarity  in  the  composition  of  the  constituents  of  isomorphous 
substances.  Thus  all  chemists  agree  that  the  atomic  constitution  of 
arsenic  and  phosphoric  acids  is  the  same ;  and  the  fact  is  still  further 
evinced  by  the  composition  of  selenic  and  sulphuric  acids.  This 
singular  coincidence  led  Professor  Mitscherlich  to  believe,  that  the 
form  of  crystals  depends  on  their  atomic  constitution.  Me  at  first 
suspected  that  identity  of  crystalline  form  is  determined  solely  by  the 
number  of  atoms,  and  the  mode  in  which  they  are  united,  quite 
independently  of  their  nature.  Subsequent  observation,  however, 
induced  him  to  abandon  this  view ;  and  his  opinion  now  appears  to 
be,  that  certain  elements,  which  are  themselves  isomorphous,  when 
combined  in  the  same  manner  with  the  same  substance,  communicate 
the  same  form.  Similarly  constituted  salts  of  arsenic  and  phosphoric 
acid  yield  crystals  of  the  same  figure,  because  the  acids,  it  is  thought, 
are  themselves  isomorphous ;  and  as  the  atomic  constitution  of  these 
acids  is  similar,  each  containing  the  same  number  of  atoms  of  oxygen 
united  with  the  same  number  of  atoms  of  the  other  ingredient,  it  is 
inferred  that  phosphorus  is  isomorphous  with  arsenic.  In  like  man- 
ner it  is  believed  that  selenic  acid  must  be  isomorphous  with  sulphuric 
acid,  and  selenium  with  sulphur ;  and  the  same  identity  of  form  is 
ascribed  to  all  those  oxides  above  enumerated,  the  salts  of  which  are 
isomorphous.  The  accuracy  of  this  ingenious  view  has  not  yet  been 
put  to  the  test  of  extensive  observation,  because  the  crystalline  forms 
of  the  substances  in  question  are  for  the  most  part  unknown.    Bat 
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our  knowledge,  so  far  as  it  goes,  is  favourable ;  for  the  peroxide  of 
iron  and  alumina,  the  salts  of  which  possess  (he  same  form,  are  them- 
selves isomorphous.  It  may  hence  be  inferred  as  probable,  that 
isomorphous  compounds  in  general  arise  from  isomorphous  elements 
uniting  in  the  same  manner  with  the  same  substance. 

The  discovery  of  Professor  Mitscherlich,  while  it  serves  as  a  caution 
to  mineralogists  aeainst  too  implicit  reliance  on  ciystallographic  cha- 
racter, is  in  several  respects  of  deep  interest  to  the  chemist.  It  tends 
to  lay  open  fields  of  inquiry  which  may  not  otherwise  have  been 
thought  of,  and  thus  lead  to  the  discovery  of  new  substances.  The 
tendency  of  isomorphous  bodies  to  crystallize  together  accounts  for 
the  difficulty  of  purifying  mixtures  of  isomorphous  salts  by  crystalliza- 
tion. The  sam^  property  sets  the  chemist  on  his  guard  against  the 
occurrence  of  isomorphous  substances  in  crystallized  minerals.  The 
native  phosphates,  for  example,  frequently  contain  arsenic  acid,  and 
conversely  the  native  arseniates,  phosphoric  acid,  without  the  form  of 
the  crystals  being  thereby  affected  in  the  slightest  degree.  It  is  liltely 
to  afford  a  useful  guide  in  discovering  the  atomic  constitution  of 
compounds.  Thus  Berzelius  considers  peroxide  of  iron  to  be  com- 
posed of  two  atoms  of  iron  and  three  atoms  of  oxygen ;  and  as  it  is 
isomorphous  with  alumina,  the  composition  of  the  latter  is  by  some 
thought  to  be  analogous.  The  similarity  in  the  composition  of  several 
other  isomorphous  compounds  gives  considerable  weight  to  the  argu- 
ment ;  but  our  knowledge  of  this  subject  is  as  yet  too  limited  to 
excite  much  confidence.  It  is  possible  that  aluminium  and  iron  may 
themselves  be  not  isomorphous,  but  yield  isomorphous  oxides  by 
uniting  with  oxygen  in  different  proportions.  The  phenomena  pre- 
sented by  isomorphous  bodies  afford  a  powerful  argument  in  favour 
of  the  atomic  theory.  They  are  intimately  connected  with  the  laws 
of  chemical  union ;  and,  like  these  laws,  admit  of  a  satisfactory  expla- 
nation only  by  supposing  the  constitution  of  matter  to  be  atomic. 

In  one  of  the  essays  above  referred  to.  Professor  Mitscherlich  ob- 
served that  the  biphosphate  of  soda  is  capable  of  yielding  two  distinct 
kinds  of  crystals,  which,  though  different  in  form,  in  composition  ap- 
peared to  be  identical.  The  more  uncommon  of  the  two  forms  re- 
sembled the  binarseniate  of  soda ;  but  the  more  usual  form  is  quite 
dissimilar.  He  has  since  discovered,  that  sulphur  is  capable  of  yield- 
ing two  distinct  kinds  of  crystals ;  and  infers  from  his  observations 
that  a  body,  whether  simple  or  compound,  can  assume  two  different 
crystalline  forms.  The  cause  of  this  unexpected  fact  is  not  yet  as- 
certained. 


SECTION  I. 

SULPHATES.     SULPHITES,    HYPOSULPHITES. 
HYPOSULPHITES. 

Sulphates. 

The  salts  of  sulphuric  acid  in  solution  may  be  detected  by  muriate 
of  baryu.  A  white  precipitate,  the  sulphate  of  baryta,  invariably 
subsides,  which  is  insoluble  in  all  the  acids  and  alkalies,  a  character 
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by  which  the  presence  of  sulphuric  acid,  whether  free  or  combioed, 
may  always  be  recognised.  An  insoluble  sulphate*  such  as  the  sul- 
phate of  baryta  or  strontia,  may  be  detected  by  mixing  it,  in  fine  pow- 
der, with  three  times  its  weight  of  carbonate  of  potassa  or  soda,  and 
exposing  the  mixture  in  a  platinum  crucible  for  half  an  hour  to  a  red 
heat.  Double  decomposition  ensues;  and  on  digesting  the  residue 
iuv  water,  filtering  the  solution,  neutralizing  the  free  alkali  by  pure 
muriatic,  nitric,  or  acetic  acid,  and  adding  muriate  of  baryta,  the  in- 
soluble sulphate  of  that  base  is  precipitated. 

Several  of  the  sulphates  exist  in  nature,  but  the  only  ones  which 
are  abundant  are  the  sulphates  of  lime  and  baryta.  All  of  them  may 
be  formed  by  the  action  of  sulphuric  acid  on  the  metals  themselves, 
on  the  metallic  oxides  or  their  carbonates,  or  by  way  of  double  de- 
composition. 

The  solubility  of  the  sulphat  js  is  very  variable.  There  are  six  only 
which  may  be  regarded  as  really  insoluble ;  namely,  the  sulphates  of 
baryta,  tin,  antimony,  bismuth,  lead  and  mercury.  The  sparingly 
soluble  sulphates  are  those  of  strontia,  lime,  zirconia,  yttxia,  cerium, 
and  silver.    All  the  others  are  soluble  in  water. 

All  the  sulphates,  those  of  potassa,  soda,  lithia,  bary  ta,  strontia,  and 
lime  excepted,  are  decomposed  by  a  white  heat.  One  part  of  the 
sulphuric  acid  of  the  decomposed  sulphate  escapes  unchanged,  and 
another  portion  is  resolved  into  sulphurous  acid  and  oxygen.  Those 
which  are  easily  decomposed  by  heat,  such  as  the  sulphate  of  iron, 
yield  the  largest  quantity  of  undecomposed  sulphuric  acid. 

When  a  sulphate,  mixed  with  carbonaceous  matter,  is  ignited,  the 
oxygen  both  of  the  acid  and  of  the  oxide  unites  with  carbon,  carbonic 
acid  is  disengaged,  and  a  metallic  sulphuret  remains.  A  similar 
change  is  produced  by  hydrogen  gas  at  a  red  heat,  with  formation  of 
water,  and  frequently  of  some  sulphuretted  hydrogen.  In  some  in- 
stances, the  hydrogen  entirely  deprives  the  metal  of  its  sulphur. 

The  composition  of  the  sulphates,  so  far  as  they  are  subject  to 
.general  laws,  has  already  been  described.  (Page  131.) 
•  Sulphate  of  Potassa, — This  salt  is  easily  prepared  artificially  by 
neutralizing  carbonate  of  potassa  with  sulphuric  acid;  and  it  is  procur- 
ed abundantly  as  a  product  of  the  operation  for  preparing  nitric  acid. 
(Page  166.)  Its  taste  is  saline  and  bitter.  It  crystallizes  in  six-sided 
prisms,  bounded  by  pyramids  with  six  sides.  The  crystals  contain  no 
water  of  crystallization,  and  suffer  no  change  by  exposure  to  the  air. 
They  decrepitate  when  heated,  and  enter  into  fusion  at  a  red  heat. 
They  require  sixteen  times  their  weight  of  water  at  60°  F.  and  five 
of  boiling  water  for  solution. 

The  sulphate  of  potassa  is  composed  of  40  parts  or  one  equivalent 
of  sulphuric  acid,  to  48  parts  or  one  equivalent  of  potassa. 

The  bisulphate  of  potassa,  which  contains  twice  as  much  acid  as 
the  foregoing  salt,  is  easily  formed  by  digesting  88  parts  or  one  equiVf 
alent  of  the  neutral  sulphate,  with  water  containing  about  50  parts  of 
concentrated  sulphuric  acid,  and  evaporating  the  solution.  The  form 
of  its  crystals  is  a  rhombic  prism.  It  has  a  strong  sour  taste,  and  red- 
dens litmus  paper.  It  is  much  nftore  soluble  than  tfie  neutral  sulphate, 
requiring  for  solution  only  twice  its  weight  of  water  at  60*^  and  less 
than  an  equal  weight  at  212°  F.  It  is  resolved  by  heat  into  sulphuric 
acid  and  the  neutral  sulphate. 

Sulphate  of  Soda.— -The  sulphate  of  soda,  commonly  called  Glau^ 

ber'a  salt,  is  occasionally  met  with  qn  thi  surface  of  the  earth,  and  it 

frequently  contained  in  mineral  springs.    It  may  be  made  by  the 

direct  action  of  sulphuric  acid  on  carbonate  of  soda  :   and  it  is  prQ- 
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cuted  in  large  quantity  as  a  residue  in  the  processes  for  fonaxag 
muriatic  acid  and  chlorine.  (Pages  196  and  201.) 

Sulphate  of  soda  has  a  cooling,  saline,  and  bitter  taste.  It  com^ 
monly  yields  four  and  six-sided  prismatic  crystals,  but  its  primary 
form  is  a  rhombic  octahedron.  Its  crystals  effloresce  rapidly  when 
exposed  to  the  air,  and,  according  to  cerzelius,  are  composed  of  72 
parts  or  one  equivalent  of  the  neutral  sulphate,  and  90  parts  or  ten 
equivalents  of  water.  The  crystals  readily  undergo  the  watery  fusion 
when  heated.  Water  at  60°  F.  dissolves  about  oue-third  of  its  weight 
of  the  crystallized  salt,  at  TI"  nearly  half  its  weight,  twice  its  weight 
at  88°,. and  3.2  of  its  weight  at  106°.  On  iDcreasing  the  heat  beyond 
this  point,  a  portion  of  the  salt  is  deposited,  being  less  soluble  than  at 
106°.  If  a  solution  saturated  at  106°  is  evaporated  at  a  higher  tem- 
perafaire,  the  salt  separates  in  opalce  prismatic  crystals,  which  are 
anhydrous. 

The  bisulphate  of  soda  may  be  formed  in  the  same  manner  as  the 
analogous  salt  of  potassa. 

Sulphate  ofJUthia. — This  salt  is  very  soluble  in  water,  fuses  by 
heat  more  readily  than  the  sulphates  of  the  other  alkalies,  and  crystal- 
lizes in  prisms,  which  resemble  the  sulphate  of  soda  in  appearance, 
but  do  not  effloresce  on  exposure  to  the  air.  Its  taste  is  saline,  with- 
out being  bitter. 

Sulphate  of  Ammonia. — This  salt  is  easily  prepared  by  neutralizing 
carbonate  of  ammonia  with  dilute  sulphuric  acid ;  and  is  contained  in 
considerable  quantity  in  the  soot  from  coal.  It  crystallizes  in  long 
flattened  six-sided  prisms.  It  dissolves  in  two  parts  of  water  at  60°, 
and  in  an  equal  weight  of  boiling  water.  It  is  sublimed  by  beat,  but- 
is  partially  decomposed  at  the  same  time.  The  crystals  are  composed 
of  40  parts  or  one  equivalent  of  acid,  and  17  parts  or  one  equivalent  of 
ammonia,  combined  according  to  Dr  Thomson  with  one,  and  accord- 
ing to  Berzclius  with  two,  equivalents  of  water. 

.  Sulphate  of  Baryta. — The  native  sulphate  of  baryta,  commonly 
called  heavy  spar,  occurs  abundantly,  chiefly  massive,  but  some- 
times in  anhydrous  crystals,  the  form  of  which  is  variable,  being 
sometimes  prismatic  and  sometimes  tabular.  Its  primary  form  is  a 
right  rhombic  prism.  Its  density  is  about  4.4.  It  is  easily  formed 
artificially  by  the  way  of  double  decomposition.  This  salt  bears  an 
intense'heat  without  fusing  or  undergoing  any  other  change,  and  is 
one  of  the  most  insoluble  substances  with  which  chemists  are  ac- 
quainted. It  is  sparingly  dissolved  by  hot  and  concentrated  sulphuric 
acid,  but  it  is  precipitated  by  the  addition  of  water.  According  to  Dr 
Thomson,  it  is  composed  of  78  parts  or  one  equivalent  of  baryta,  and 
40  parts  or  one  equivalent  of  sulphuric  acid. 

Sulphate  of  Strontia. — This  salt,  the  celestine  of  mineralogists,  is 
less  abundant  than  heavy  spar.  It  occurs  in  prismatic  crystals  of 
peculiar  beauty  in  Sicily,  and  its  primary  form  is  a  right  rhombic 
prism.  Its  density  is  3.858.  As  obtained  by  the  way  of  double  de- 
composition, it  is  a  white  heavy  powder,  very  similar  to  sulphate  of 
baryta.  It  requires  about  3840  times  its  weight  of  boiling  water  for 
solution.  According  to  Dr  Thomson,  it  consists  of  62  parts  or  one 
equivalent  of  strontia,  and  one  equivalent.of  sulphuric  acid. 

Sulphate  of  Lime. — This  salt  is  easily  formed  by  mixing  a  solution 
of  muriate  of  lime  with  any  soluble  sulphate.  It  occurs  abundantly  as 
a  natural  production.  The  mineral  called  anhydrite  is  anhydrous 
sulphate  of  lime ;  and  all  the  varieties  of  gypsum  are  composed  of 
the  same  salt,  united  with  water.  The  pure  crystallized  specimens 
of  gypsum  are  sometimes  called  selenite ;   and  the  white  compact 
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Tuiety  is  employed  in  statuaiy  under  the  name  of  alabaster.  The 
crystals  are  generally  flattened  prisms,  the  primary  form  of  which  is  a 
rhombic  prism.  The  anhydrous  compound  consists  of  one  equivalent 
of  acid,  and  28  parts  or  one  equivalent  of  lime ;  and  pure  gypsum, 
according  to  Dr  Thomson,  is  composed  of  68  parts  or  one  equivalent 
of  sulphate  of  lime,  and  18  parts  or  two  equivalents  of  water.  The 
hydrous  salt  is  deprived  of  its  water  by  a  low  red  heat,  and  in  this 
state  forms  plaster  of  Paris.  Its  property  of  becoming  hard,  when 
made  into  a  thin  paste  with  water,  is  owing  to  the  anhydrous  sulphate 
combining  chemically  with  that  liquid,  and  thus  depriving  it  of  ita 
fluidity. 

Sulphate  of  lime  has  hardly  any  taste.  It  is  considerably  more 
soluble  than  the  sulphates  of  baryta  or  strontia,  requiring  for  solution 
about  500  parts  of  cold,  and  450  of  boiling  water.  Owing  to  this 
circumstance,  and  to  its  existing  so  abundantly  in  the  earth,  it  is  fre- 
quently contained  in  spring  water,  to  which  it  communicates  the 
property  called  hardness.  When  freshly  precipitated,  it  may  be 
dissolved  completely  by  dilute  nitric  acid.  It  is  commonly  believed 
to  sustain  a  white  heat  without  decomposition ;  but  Dr  Thomson 
states,  that  it  parts  with  some  of  its  acid  when  heated  to  redness. 

Sulphate  of  Magnesia.— -Thia  sulphate,  generally  known  by  the 
name  of  Epsom  salt,  is  frequently  contained  in  mineral  springs.  It 
may  be  made  directly,  by  neutralizing  dilute  sulphuric  acid  with 
carbonate  of  maenesia ;  but  it  is  procured  for  the  purposes  of  commerce 
by  the  action  of  dilute  sulphuric  acid  on  magnesian  limestone,  the 
native  carbonate  oT  lime  and  magnesia. 

Sulphate  of  magnesia  has  a  saline,  bitter,  and  nauseous  taste.  It 
crystallizes  readily  in  small  quadrangular  prisms,  which  effloresce 
slightly  in  a  dry  air.  It  is  obtained  also  in  larger  crystals,  which  are 
irregular  six-sided  prisms,  terminated  by  six-sided  summits.  Its  pri- 
mary form  is  a  right  rhombic  prism,  the  angles  of  jvhich  are  90°  30^ 
and  SQ''  30'.  (Brooke.)  Its  crystals  are  soluble  in  an  equal  weight  of 
water  at  60°,  and  in  three-fourths  of  their  weight  of  boiling  water. 
Thej^  undergo  the  watery  fusion  when  heated;  and  the  anhydrous 
salt  is  deprived  of  a  portion  of  its  acid  at  a  white  heat.  The  crystals 
are  composed,  according  to  M.  Gay-Lussac,  of  60  parts  or  one  equiva- 
lent of  the  dry  sulphate,  and  63  parts  or  seven  equivalents  of  water. 

On  mixing  solutions  of  sulphate  of  magnesia  and  sulphate  of  potassa 
in  atomic  proportion,  and  evaporating,  a  double  salt  is  formed,  which 
consists  of  one  equivalent  of  each  of  the  salts  and  six  equivalents  of 
water.  The  crystals  are  prismatic,  but  of  a  complicated  nature,  and 
are  connected  with  an  oblique  rhombic  prism.  A  similar  double  salt, 
isomorphous  with  the  preceding,  is  formed  by  spontaneous  evaporation 
from  the  mixed  solutions  of  sulphate  of  ammonia  and  sulphate  of 
magnesia.  The  crystals  contain  one  equivalent  of  each  of  the  two 
salts,  and  eight  equivalents  of  water. 

Sulphate  of  Alumina, — ^The  pure  sulphate  of  alumina  is  a  com- 
pound of  little  interest;  but  with  the  sulphate  of  potassa,  it  forms  an 
interestmg  double  salt,  the  well-known  alum  of  commerce. 
.  Alum  has  a  sweetish  astringent  taste.  It  is  soluble  in  five  parts  of 
water  at  60**.  F.  and  in  little  more  than  its  own  weight  of  boiling 
water.  The  solution  reddens  litmus  paper ;  but  it  is  doubtful  whether 
this  is  owing  to  an  excess  of  acid,  or  to  the  weak  affinity  existing 
between  alumina  and  sulphuric  acid.  (Page  876.)  It  ciystallizes 
readily  in  octahedrons,  or  in  segments  of  an  octahedron,  and  the 
crystals  contain  almost  50  percent  of  water  of  crystallization.  On 
being  exposed  to  heat,  they  froth  up  remarkably,  and  part  with  all  the 
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water,  focmiog  anbydioua  ^vm;  the  alumen  tutum  of  the  pharma- 
copG&ia.    At  a.  full  red  heat,  the  alumiDa  is  deprived  tff  its  acfd. 

There  is  soioe  doubt  as  to  the  real  composition  of  alum.  Accord- 
ing to  Dr  Thomson,  it  is  composed  of 

Sulphate  of  alumina,        174        three  equivalents. 

Sulphate  of  potassa,  88        one  equivalent. 

Water,  225        twenty-five  equivalents. 

Mr  Phillips,  on  the  contrary,  regards  it  as  a  compound  of  two 
equivalents  of  sulphate  of  alumina,  one  equivalent  of  bisulphate  of 
potassa,  and  twenty-two  equivalents  of  water. 

Sulphate  of  alumina  forms  with  sulphate  of  ammonia,  and  with 
sulphate  of  soda,  double  salts,  which  are  very  analogous  to  common 
alum. 

Sulphate  of  Manganese. — This  salt  is  best  obtained  by  dissolving 
pure  carbonate  of  manganese  in  moderately  dilute  sulphuric  acid,  and 
setting  the  solution  aside  to  crystallize  by  spontaneous  evaporation. 
The  crystals  are  transparent^  and  of  a  slight  rose  tint,  in  taste  resemble 
Glauber's  salt,  and  occur  in  flat  rhombic  prisms.  It  is  insoluble  in 
alcohol,  but  dissolves  in  twice  and  a  half  times  its  weight  of  cold  water. 
If  gradually  heated,  it  may  be  long  exposed  to  a  moderate  red  heat, 
without  losing  any  of  its  acid.  The  crystals  are  composed  of  40 
parts  or  one  equivalent  of  sulphuric  acid,  36  parts  or  one  equivalent 
of  the  protoxide  of  manganese,  and,  according  to  Mitscherlich,  of  45 
parts  or  five  equivalents  of  water. 

With  sulphate,  of -ammonia,  this  salt  yields  a  double  sulphate  of 
ammonia  and  manganese,  consisting  of  one  equivalent  combined  with 
eight  of  water.  It  is  isomorphous  with'  the  analogous  salts  of  mag- 
nesia and  protoxide  of  iron. 

Sulphate  of  Iron, — The  sulphate  of  the  protoxide  of  iron,  com- 
nionly  called  green  vitriol,  is  formed  by  the  action  of  dilute  sulphuric 
acid  on  metallic  iron,  (page  144),  or  by  exposing  the  protosulphuret 
of  iron  in  fragments  to  the  combined  agency  of  air  and  moisture. 
This  salt  has  a  strong,  styptic,  inky  taste.  Though  neutral  in  com- 
position, being  composed  of  one  equivalent  of  each  element,  it  red- 
dens the  vegetable  blue  colours.  It  is  insoluble  in  alcohol,  but  soluble 
in  two  parts  of  cold,  and  in'  three-fourths  of  its  weight  of  boiling  wa- 
ter. It  occurs  in  right  rhombic  prisms,  which  are  transparent,  and  of 
a  pale  green  colour.  It  consists  of  76  parts,  or  one  equivalent  of  the 
dry  salt,  combined  according  to  Thomson  with  seven,  and  according 
-to  Mitscherlich  with  six,  equivalents  of  water.  In  the  anhydrous 
state,  it  is  of  a  dirty  white  colour.  It  is  this  salt  which  is  employed 
in  the  manufacture  of  fuming  sulphuric  acid.   (Page  180.) 

Pfotosulphate  of  iron  forms  double  salts  with  sulphate  of  potassa 
and  sulphate  of  ammonia,  the  former  of  which  contains  six  and  the 
latter  eight  equivalents  of  water.  They  are  isomorphous  with  the 
analogous  double  sulphates  of  magnesia. 

The  protosulphate  of  iron  absorbs  oxygen  from  the  air,  especially 
when  in  solution,  by  which  an  insoluble  sub-sulphate  of  the  peroxide 
of  iron  is  generated,  consisting,  according  to  Berzelius,  of  one  equiv- 
alent of  sulphutie  acid,  and  four  equivalents  of  the  peroxide  of  iron. 

When  a  solution  of  protosulphate  of  iron  is  boiled  with  a  little  nitric 
acid,  until  the  liquid  acquires  a  red  colour,  and  is  then  evaporated  to 
dryness  by  a  moderate  heat,  a  salt  remains,  the  greater  part  of  which 
is  soluble  both  in  alcohol  and  water,  and  which  attracts  moisture  from 
the  atmospfaene.    The  analysis  of  Benelius  has  proved  it  to  be  a  com- 
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pound  or  40  parts  or  one  equivalent  of  the  peroxide  of  iron,  and  60 
parts  or  an  equivalent  and  a  half  of  sulphuric  acid.  It  is,  therefor^, 
a  sesquisulphate  of  the  peroxide  of  iron. 

By  mixing  sulphate  of  potassa  with  persulphate  of  iron,  and  allow- 
ing the  solution  to  crystallize  by  spontaneous  evaporation,  crystals 
are  obtained  similar  to  common  alum  in  form,  colour,  taste,  and 
composition.  In  this  double  salt,  the  sulphate  of  alumina  is  replaced 
by  persulphate  of  iron,  with  which  it  is  isomorphous. 

A  similar  double  salt  may  be  made  with  a  mixture  of  sQiphate  of 
ammonia  and  persulphate  of  iron. 

Sulphate  of  Zinc— The  sulphate  of  zinc,  frequently  called  white 
vitriol^ is  the  residue  of  the  process  for  forming  hydrogen  gas  by  the 
action  of  dilute  sulphuric  acid  on  metallic  zinc ;  but  is  made,  for  the 
purposes  of  commerce,  by  roastiit^  the  native  sulphuret  of  zinc  in  a 
reverberatory  furnace.  It  crystalnzes  by  spontaneous  evaporation  in 
transparent  flattened  four  sided  prisms,  and  the  prioKiry  form  of  the 
crystals  is  a  right  rhombic  prism.  The  crystals  dissolve  in  two  parts 
and  a  half  of  cold,  and  are  still  more  soluble  in  boiling  water.  The 
taste  of  this  salt  is  strongly  styptic.  It  reddens  vegetable  blue  col- 
ours, though  in  composition  it  is  a  strictly  neutral  salt,  consisting  of 
one  equivalent  of  each  of  its  elements.  The  crystals  are  composed 
of  82  parts  or  one  equivalent  of  the  anhydrous  sulphate,  and  63  parts 
or  seven  equivalents  of  water. 

Sulphate  of  JVtekel. — This  salt,  like  the  salts  of  nickel  in  general, 
is  of  a  green  colour,  and  crystallizes  from  its  solution  in  pure  water  in 
rieht  rhombic  prisms  exactly  similar  to  the  primary  form  of  sulphate 
of  zinc.  If  an  excess  of  sulphuric  acid  is  present,  the  crystals  are 
square  prisms,  which  according  to  Messrs  R.  Phillips  and  Cooper  con- 
tain rather  less  water  and  more  acid  than  the  preceding ;  though  the 
difference  is  not  so  great  as  to  indicate  a  different  atomic  constitution. 
(Annals  of  Philosophy,  xxii.  439.)  Dr  Thomson  says  he  analyzed 
both  kinds,  and  found  their  composition  identical.  They  consist  of 
one  equivalent  of  the  anhydrous  salt  and  seven  equivalents  of  water. 
It  is  soluble  in  about  three  times  its  weight  of  water  at  60°  F. 

This  salt  crystallizes  with  great  facility  when  mixed  with  sulphate 
of  potassa,  as  a  double  sulphate  of  potassa  and  nickel.  The  crystals 
are  of  an  emerald  green  colour,  soluble  in  nine  parts  of  cold  water, 
and  are  composed  of  one  equivalent  of  sulphate  of  nickel,  one  equi- 
valent of  sulphate  of  potassa,  and  six  equivalents  of  water.  Its  pri- 
mary form  is  an  oblique  rhombic  prism ;  but  the  general  outline  of 
the  crystals  is  sometimes  that  of  a  six-sided  prism.  It  is  isomorphous 
with  similar  double  salts  of  iron  and  manganese. 

Sulphates  of  Copper, -^The  sulphate  of  the  protoxide  of  copper 
has  not  been  obtained  in  a  separate  state.  The  sulphate  of  tlie  perox- 
ide of  copper,  the  blue  vitriol  employed  by  surgeons  as  an  escharotic 
and  astringent,  may  be  prepared  for  chemical  purposes  by  dissolving 

Eeroxide  of  copper  in  dilute  sulphuric  acid ;  but  it  is  procured  for  sale 
y  roasting  the  native  sulphuret,  so  as  to  bring  both  its  elements  to  a 
maximum  of  oxidation.  This  salt  forms  regular  crystals  of  a  blue  co- 
lour, reddens  litmus  paper,  and  is  soluble  in  about  four  of  cold,  and  in 
two  parts  of  boiling  water.  According  to  the  researches  of  Proust, 
Thomson,  and  Berzelius,  it  is  composed  of  80  parts  or  one  equivalent 
of  the  peroxide  of  copper,  80  parts  or  two  equivalents  of  acid,  and  90 
parts  or  ten  equivalents  of  water.  It  is,  therefore,  strictly,  a  hi- 
sulphate. 

When  pure  potassa  is  added  to  a  solution  of  the  bisulphate  of  cop* 
per,  in  a  quantity  which  is  insufficient  for  separating  the  whole  of  the 
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Acid,  a  pale  bluish-green  precipitate,  the  subsplphate,  1$  tjhrawndpnni* 
which  is  composed  of  one  equivalent  of  acid  and  one  equivalent  of 
the  peroxide. 

The  sulphate  of  copper  and  ammonia  is  generated  by  dropping 
pure  ammonia  into  a  solution  of  the  bisulphate,  until  the  sub-salt  at 
first  thrown  down  is  nearly  all  dissolved.  It  forms  a  dark  blu^  solu- 
tion, from,  which,  when  concentrated,  crystals  are  deposited  by  the 
addition  of  alcohol.  It  may  be  formed  also  by  rubbing  briskly  in  a 
mortar  two  parts  of  the  crystallized  bi^ulphate  of  copper  with  three 
parts  of  carbonate  of  ammonia,  until^  the  mixture  acquires  a  uniform 
deep  blue  colour.  Carbonic  acid  gas  is  disengaged  with  e^ervescence 
daring  the  operation,  and  the  mass  becomes  moist,  owing  to  the  water 
of  the  blue  vitriol  being  set  free. 

This  compound,  which  is  the  ammoniaret  of  copper  of  the  pharma- 
copoeia, contains  sulphuric  'acid,  peroxide  of  copper,  and  ammonia ; 
but  its  precise  nature  has  not  been  determined  in  a  satisfactory  man- 
ner.    It  parts  gradually  with  ammonia  by  exposure  to  the  air. 

Sulphates  of  Mercury, — When  two  parts  of  mercury  are  gently 
heated  in  three  parts  of  strong  sulphuric  acid,  so  as  to  cause  slow 
efTervescence,  a  sulphate  of  the  protoxide  of  mercury  is  generated.  , 
But  if  a  strong  heat  is  employed  in  such  a  manner  as  to  excite  brisk 
effervescence,  and  the  mixture  is  brought  to  dryness,  a  pure  sulphate 
of  the  peroxide  results*. .  The  former  is  composed  of  one  equivalent 
^  of  sulphuric  acid  and  one  equivalent  of  the  protoxide  ;  and  the  latter  of 
two  equivalents  of  acid  and  one  equivalent  of  the  peroxide.  (Thom- 
son.) When  this  bisulphate,  which  is  the  salt  employed  in  making 
corrosive  sublimate,  is  thrown  into  hot  water,  decomposition  ensues* 
and  a  yellow  sub-salt,  formerly  called  turpeih  mineral^  subsides. 
This  salt  is  composed  of  one  equivalent  of  the  acid  and  one  equiva- 
lent of  the  peroxide.  The  hot  water  retains  some  of  the  sulphate  in 
solution,  together  with  free  sulphuric  acid. 

Sulphites, 

The  salts  of  sulphurous  acid  have  not  hitherto  been  minutely  exa- 
mined. The  sulphites  of  potassa,  soda,  and  ammonia,  which  are  made 
by  neutralizing  those  alkalies  with  sulphurous  acid,  are  soluble  in 
^Kater;  but  most  of  the  other  sulphites,  so  far  as  is  known,  are  of 
sparing  solubility.  The  sulphites  of  baryta,  strontia,  and  lime,  are 
very  insoluble,  and  consequently  the  soluble  salts  of  these  earths 
decompose  the  alkaline  sulphites. 

The  stronger  acids,  such  as  the  sulphuric,  muriatic,  phosphoric, 
and  arsenic  acids,  decompose  all  the  sulphites  with  effervescence, 
owing  to  the  escape  of  sulphurous  acid,  which  may  easily  be  recog- 
nised by  its  odour.  The  nitric  acid,  by  yielding  oxygen,  converts 
the  sulphites  into  sulphates. 

When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths  are 
strongly  heated  in  close  vessels,  a  sulphate  is  generated,  and  a  portion 
of  sulphur  sublimed*  In  open  vessels  at  a  high  temperature,  they  ab- 
sorb oxygen,  and  are  converted  into  sulphates;  and  a  similar  change 
takes  place  even  in  the  cold,  especially  when  they  are  in  solution. 
M.  Gay-Lussac  has  remarked,  that  a  neutral  sulphite  always  forms  a 


*  Donovan  in  the  Annals  of  Philosophy,  vol.  xiv. 
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ndntml  tfolfifaftte  ^en  its  ac!^  is  oirfdized ;  a  liiet  from  which  it  may 
be  inferred,  that  neutral  sulphites  consist  of  one  equivalent  of  the  acid 
and  one  equivalent  of  the  base. 

The  hyposulphates  and  hyposulphites  are  of  little  importance,  and 
their  general  character  has  already  been  sufficiently  described.  (Pages 
182  and  183. 


SECTION  II. 

J^lTRATES.    J^nTRJTfES.    CBL0RATE8.    lODATES. 

Nitrates. 

The  nitrates  are  prepared  by  the  action  of  nitric  acid  on  metals,  on 
the  salifiable  bases  themselves,  or  on  carbonates.  As  nitric  acid  forma 
soluble  salts  with  all  alkaline  bases,  the  acid  of  the  nitrates  cannot  be 
precipitated  by  any  reagent.  They  are  readily  distinguished  from  other 
salts,  however,  by  the  three  followii^  characters : — 1st,  by  deflagrating 
with  red-hot  charcoal ;  2d,  by  their  power  of  dissolving  gold  leaf  on 
the  addition  of  muriatic  acid ;  3d,  by  the  evolution  of  dense,  white, 
acid  vapours,  which  are  easily  recognised  to  be  nitric  acid  by  their 
odour,  when  mixed  with  strong  sulphuric  acid. 

All  the  nitrates  are  decomposed  without  exception  by  a  high  tem- 
perature. Some  of  these  salts,  of  which  common  nitre  is  an  example, 
are  at  firs't  converted,  with  disengagement  of  oxygen  gas,  into  nitrites ; 
and  then  by  coniinuing  the  h^at,  the  nitrous  acid  ,is  resolved  almost 
entirely  into  oxygen  and  nitrogen  gases,  and  pure  potassa  remains. 
In  others,  such  as  the  nitrates  of  baryta  and  strontia,  the  acid  is  appa- 
rently changed  at  once  into  oxygen  and  nitrogen,  without  forming  a 
nitrite*.  The  nitrate  of  lead,  as  already  mentioned,  (p.  163),  yields 
oxygen  and  nitrous  acid ;  and  the  nitrate  of  palladium,  which  is  de- 
composed without  the  application  of  a  strong  heat,  emits  nearly  pure 
nitric  acid. 

As  the  nitrates  are  easily  decomposed  by  heat  alone,  they  mast  ne- 
cessarily suffer  decomposition  by  the  united  agency  of  heat  and  com- 
bustible matter.  The  nitrates  on  this  account  are  much  employed  as 
oxidizing  agents,  and  frequently  act  with  greater  efficacy  even  than 
nitro-muriatic  acid.  Thus  metallic  titanium,  which  resists  the  action 
of  these  acids,''combine8  with  oxygen  when  heated  with  nitre.  The 
efficiency  of  this  salt,  which  is  the  nitrate  usually  employed  for  the^ 
purpose,  depends  not  only  on  the  affinity  of  the  combustible  for  oxy*' 
gen,  but  likewise  on  that  of  the  oxidized  body  for  potassa.  The  pro* . 
cess  for  oxidizing  substances  by  means  of  nitre,  is  called  deflagraium^ 
and  is  generally  performed  by  inixing  the  inflammable  body  with  ail 


*  Therei  is  good  reason  to  believe  that  the  residauni  of  nitre,  after 
long  exposure  to  a  red  heat,  is  the  peroxide  of  potassium,  and  not 
pore  potassa.  (See  note,  page  282.)  So  also  the  nitrates  of  baryta 
attd  strontia,  exposed  to  a  regulated  red  heat,  yIeM  the  peroxides  of 
barium  and  strontium.  (Pages  291  and  293.)  B. 


396  Mtratea. 

equal  weight  of  the  nitrate,  and  projecting  tiie  mixtorOy  in  nnall  pop 
tions  at  a  time,  into  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline  earths,  to- 
gether with  most  of  the  neutral  nitrates  of  the  common  metals,  are 
composed  of  one  equivalent  of  nitric  acid,  and  one  equivalent  of  a  pro- 
toxide; Consequently,  the  oxygen  of  the  oxide  and  acid  in  all  such 
salts  must  be  in  the  ratio  of  1  to  5. 

The  only  nitrates  found  native  are  those  of  potassa,  soda,  lime,  and 
magnesia. 

JvUrate  of  Potassa. — This  salt  is  generated  spontaneously  in  the 
soil,  and  crystallizes  upon  its  surface,  in  several  parts  of  the  world,  and 
especially  in  the  East  Indies,  whence  the  greater  part  of  the  nitre  used 
In  Britain  is  derived.  In  France  and  Germany,  it  is  prepared  artifi- 
cially from  a  mixture  of  common  mould  or  porous  calcareous  earth  with 
animal  and  vegetable  remains  containing  nitrogen.  When  a  heap  of 
these  materials,  preserved  moist  and,  in  a  shaded  situation,  is  mode- 
rately exposed  to  the  air,  nitric  acid  is  gradually  generated,  and  unites 
with  the  potassa,  lime,  and  magnesia,  which  are  commonly  present  in 
the  mixture.  On  dissolving  these  salts  in  water,  and  precipitating  the 
two  earths  by  carbonate  of  potassa,  a  solution  is  formed,  which  yields 
crystals  of  nitre  by  evaporation.  The  nitric  acid  is' probably  generated 
under  these  circumstances  by  the  nitrogen  of  the  organic  matters  com- 
bining during  putrefaction  with  the  oxygen  of  the  atmosphere,  a  change 
which  must  be  attributed  to  the  affinity  of  oxygen  for  nitrogen,  aided 
by  that  of  nitric  acid  for  alkaline  bases. 

Nitrate  of  potassa  is  a  colouriess  salt,  which  crystallizes  readily  in 
six-sided  prisms.  Its  taste  is  saline,  accompanied  with  an  impression 
of  coolness.  It  requires  for  solution  seven  parts  of  water  at  60°  F, 
and  its  own  weight  of  boiling  water.  It  contains  no  water  of  crystal- 
lization, but  its  crystals  are  never  quite  free  from  water  lodged  me- 
chanically within  them.  At  616°  F,  it  undergoes  the  igneous  fusion, 
and  like  all  the  nitrates  is  decomposed  by  a  red  heat. 

Nitre  is  chiefiy  employed  in  chemistry  as  an  oxidizing  agent,  and 
In  the  formation  of  nitric  acid.  Its  chief  use  in  the  arts  is  for  making 
gunpowder,  which  is  a  mixture  of  nitre,  charcoal,  and  sulphur.  In 
the  East  Indies,  it  is  employed  for  the  preparation  of  cooling  mixtures ; 
an  ounce  of  powdered  nitre  dissolved  in  five  ounces  of  water,  reduces 
its  temperature  by  fifteen  degrees.  It  possesses  powerful  antiseptic 
properties,  and  is,  therefore,  much  employed  in  the  preservation  of 
meat  and  animal  matters  in  general. 

J^trate  of  Soda, — This  salt  is  analogous  in  its  chemical  properties 
to  the  preceding  compound.  It  sometimes  crystallizes  in  oblique 
rhombic  prisms ;  but  it  more  commonly  occurs  as  an  obtuse  rhombo- 
hedron,  which  is  its  primary  form.  (Mr  Brooke.) 

JVitrate  of  Ammonia. — Nitrate  of  ammonia  may  be  formed  by  neu- 
tralizing dilute  nitric  acid  by  carbonate  of  ammonia,  and  evaporating 
the  solution.  This  salt  may  be  procured  in  three  different  states, 
which  have  been  described  by  Sir  H.  Davy.  (Researches  concerning 
the  Nitrous  Oxide.)  If  the  evaporation  Is  conducted  at  a  temperature 
not  exceedins  100°  F.,  the  salt  is  obtained  in  prismatic  crystals  which 
are  composed,  according  to  the  experiments  of  Davy,  Berzelius,  and 
Thomson,  of  71  parts  or  one  equivalent  of  the  neutral  nitrate  of  am- 
monia, and  9  parts  or  one  equivalent  of  water.  If  the  solution  is 
evapomted  at  212°  F.,  fibrous  crystals  are  procured ;  and  If  the  heat 
be  gradually  increased  to  800°  F.,  It  forms  a  brittle  compact  mass  on 
eooliog.    The  fibrous  and  compact  varieties  still  contain  water,  the 
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former  8.2  per  cent.,  and  the  latter  5.7.    AH  these  varieties  are  deli- 
quesceut,  and  very  soluble  in  water. 

The  change  which  the  nitrate  of  ammonia  undergoes  at  a  tempera- 
ture varying^ between  400°  and  600°  of  F.  has  already  been  explained. 
(Page  158.)  When  heated  to  600°,  it  explodes  with  violence,  being 
resolved  into  water,  nitrous  acid,  deutoxide  of  nitrogen,  and  nitrogen. 
The  fibrous  variety  was  found  by  Sir  H.  Davy  to  yield  the  largest 
quantity  of  the  protoxide  of  nitrogen.  From  one  pound  of  this  salt  be 
procured  nearly  three  cubic  feet  of  the  gas. 

JVlirate  qf  Baryta. — This  salt  is  sometimes  used  as  a  reagent,  and 
for  preparing  pure  naryta.  It  is  easily  prepared  by  digesting  the  native 
carbonate,  reduced  to  powder,  in  nitric  acid  diluted  with  eigbt  or  ten 
tin^s  its  weight  of  water.  The  salt  crystallizes  readily  by  evapora- 
tion in  transparent  octahedrons.  Its  crystals  contain  no  water  of 
crystallization,  and  are  very  apt  to  decrepitate  by  heat,  unless  pre-  ' 
viously  reduced  to  powder.  They  require  twelve  parts  of  water  at 
60°  F.,  and  three  or  four  of  boiling  water  for  solution.  They  under- 
go the  igneous  fusion  in  the  fire  before  being  decomposed.  They  are 
insoluble  in  alcohol. 

J\PUrate  of  Stroniia. — This  salt  may  be  made  from  strontianite  in 
the  same  manner  as  the  foregoing  compound,  to  which  it  is  exceed- 
ingly analogous.  It  is  anhydrous,  crystallizes  in  the  form  of  the 
regular 'octahedron,  and  undergoes  no  change  in  a  moderately  dry 
i^mosphere.  On  some  occasions  this  salt  contains  water  of  crystal- 
hzation ;  and  then  assumes  the  form  of  a  prism  with  ten  sides  and 
two  summits.  The  hydrous  salt  contains  27.8  per  cent  ot  water, 
according  to  Mr  Cooper. ' 

JVttrates  of  Lime  atid  Magnesia. — These  salts  are  very  deliques- 
cent, and  soluble  in  alcohol.  By  this  character  the^  nitrate  of  lime 
is  easily  distinguished  and  separated  from  the  nitrates  of  baryta  and 
strontia.  (Page  295.) 

JSlitrate  of  Co/)/?cr.— This  salt  is  prepared  by  the  action  of  nitric 
acid  on  copper.  (Page  159.)  It  crystallizes,  though  with  dome  diffi- 
culty, in  prisms,  which  are  of  a  deep  blue  colour,  and  deliquesce  on 
exposure  to  the  air.  The  crystals  are  composed  of  108  parts  or  two 
equivalents  Of  acid,  80  or  one  equivalent  of  the  peroxide,  and  126  or 
fourteen  equivalents  of  water.  (Thomson.)  It  is,  therefore,  strictly  a 
binitrate.  The  green  insoluble  subsalt,  procured  by  exposing  the 
hinitrate  to  heat,  contains,  exclusive  of  water,  one  equivalent  of  acid 
and  one  equivalent  of  the  peroxide.  When  heated  to  redness,  it 
yields  pure  peroxide  of  copper. 

JVitrate  of  Lead. — This  salt  is  formed  by  digesting  litharge  in  dl- 
fute  nitric  acid.  It  crystallizes  readily  in  octahedrons,  which  are  al- 
most always  opake.  These  crystals  are  anhydrous.  This  salt  has  an 
acid  reaction,  but  is  neutral  in  composition,  consisting  of  54  parts  or 
one  equivalent  of  acid,  and  112  or  one  equivalent  of  the  protoxide 
of  lead. 

A  dinitrate  of  lead,  composed  of  one  equivalent  of  acid  to  two 
equivalents  of  the  protoxide,  was  formed  by  Berzelius  hy  addii^  to  a 
solution  of  the  neutral  nitrate,  a  quantity  of  pure  ammonia  insufficient 
for  separating  the  whole  of  the  acid. 

J^ntrates  of  Mercury. — The  protonltrate  is  conveniently  formed  by 
digesting  mercury  in  nitric  acid,  diluted  with  three  or  four  parts  of 
water,  until  the  acid  is  saturated,  and  then  allowing  the  solution  to 
evaporate  spontaneously  in  an  open  vessel.  The  solution  always  con- 
tains at  first  some  nitrate  of  the  peroxide,  but  if  metallic  mercury  is 
left  in  the  liquid,  a  pure  protonltrate  is  gradually  deposited.    The  salt 
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thai  formed  hu  bUberto  been  reii^trded  as  the  nentral  pratonftrate  $ 
but  according  to  the  analysit  of  M.  C.  6.  Mitacherlich,  (Pogiendorflfe 
AnnaleD»  ix.  387)  it  is  a  tubsalt,  in  which  the  protoxide  and  acid  are 
in  the  ratio  of  208  to  86.  This  result,  however,  requires  confirmation. 
The  neutral  protonitrate  is  said  by  M.  C.  Mitscherlich  to  be  obtained 
in  crystals,  by  dissolving  the  former  salt  in  pure  water  acidulated  with 
nitric  acid,  and  evaporating  spontaneously  without  the  contact  of 
metallic  mercury  or  uncombined  oxide.  The  crystals  are  composed 
of  20S  parts  or  one  equivalent  of  the  protoxide,  54  parts  or  one  equi- 
valent of  acid,  and  two  equivalents  of  water.  These  salts  dissolve 
completely  in  water  sHghtly  acidulated  with  nitric  acid,  bat  in  pure 
water  a  small  quantify  of  a  yellow  subsaH  is  generated. 

When  mercury  is  heated  in  an  excess  of  strong  nitric  acid,  it  is  dis- 
solved with  brisk  effervescence  owing  to  the  escape  of  the  deutoxide 
of  nitrogen,  and  transparent  prismatic  crystals  of  the  pernitrate  are 
deposited  as  the  solution  cools.  It  is  composed,  according  to  Thom- 
son, of  one  equivalent  of  the  peroxide  and  one  of  the  acid ;  and  when 
put  into  hot  water,  it  is  resolved  into  a  soluble  salt,*  the  composition 
of  which  is  unknown,  and  into  a  yellow  subsalt.  The  latter  was 
found  by  M.  Grouvelle  to  consist  of  one  equivalent  of  acid  to  two  of 
the  peroxide.  (An.  de  Ch.  et  Phys.  xix.) 

JWrate  of  iSt/oer.—- Silver  is  readily  oxidized  and  dissolved  by 
nitric  acid  diluted  with  two  or  three  times  its  weight  of  water,  forming 
a  solution  which-  yields  transparent  tabular  crystals  by  evaporation. 
These  crystals,  which  are  anhydrous,  undergo  the  igneous  fusion 
when  heated,  and  assume  a  crystalline  texture  in  cooling.  At  a  red 
heat  it  is  completely  decomposed,  and  metallic  silver  remains.  When 
liquefied  by  heat,  and  received  in  small  cylindrical  moulds,  it  forms 
the  lapis  infemalis  or  lunar  catMtie,  employed  by  surgeons  as  a  cau- 
tery. The  nitric  acid  appears  to  be  the  agent  which  destroys  the 
animal  texture,  and  the  black  stain  is  owing  to  the  separation  of  the 
oxide  of  silver.  It  is  sometimes  employed  for  giving  a  black  colour 
to  the  hair,  and  is  the  basis  of  the  indelible  Ink  for  marking  linen. 

Nitrate  of  silver  deliquesces  on  exposure  to  the  air.  It  is  soluble 
in  its  own  weight  of  cold,  and  in  half  its  weight  of  hot  water.  It 
dissolves  also  in  four  times  its  weight  of  alcohol.  The  aqueous  solu- 
tion undergoes  little  change  if  preserved  in  glass  vessels ;  but  when 
paper  moistened  with  it  is  exposed  to  light,  especially  to  sunshine, 
a  black  stain  is  produced,  owing  to  the  decomposition  of  the  salt  and 
reduction  of  the  ditide  (o  the  metallic  state.  This  solution  is  em- 
ployed by  chemists  as  a  test  of  the  presence  of  chlorine  and  muriatic 
acid. 

Nitrate  of  silver,  even  after  fusion,  reddens  vegetable  colouring 
matters ;  but  it  is  neutral  in  composition,  consisting  of  one  equivalent 
of  acid  and  one  of  the  oxide. 

Little  is  known  with  certainty  concerning  the  compounds  of  nitrous 
acid  with  alkaline  bases.  The  nitrite  of  potassa  is  probably  formed  by 
heating  nitre  to  redness,  and  removing  it  [rom  the  fire  before  the  de- 
composition is  complete.  On  adding  a  strong  acid  to  the  product, 
red  fumes  of  nitrous  acid  are  disengaged,  a  character  which  is  com- 
mon to  all  the  nitrites.  Two  nitrites  of  lead  have  been  described  in 
the^Annales  de  Chimle,  vol.  Ixxxiii.  by  M.  Chevreul  and  M.  Berzelius. 
It  is  possible,  however,  that  these  compounds  are  hyponitrites. 
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Chloratea. 

The  salts  of  chloric  acid  are  very  analogous  to  (he  nitrates.  As  the 
chlorates  of  the  alkalies,  alkaline  earths,  and  most  of  the  common 
metals,  are  composed  of  one  equivalent  of  chloric  acid  and  one  equiv* 
alent  of  a  protoxide,  it  follows  that  the  oxygen  of  the  latter  to  that  of 
the  former  is  in  the  ratio  of  1  to  5.  The  chlorates  are  decomposed  hy 
a  red  heat,  nearly  all  of  them  being  converted  into  metallic  chlorides, 
with  evolution  of  pure  oxygen  gas.  (Page  204.)  They  deflagrate 
with  inflammable  substances  with  greater  violence  than  nitrates,  yield- 
ing oxygen  with  such  facility  than  an  explosion  is  produced  by  slight 
causes.  Thus  a  mixture  of  sulphur  with  three  times  its  weight  of 
chlorate  of  potassa  explodes  when  struck  between  two  hard  surfaces. 
With  charcoal,  and  the  sulphurets  of  arsenic  and  antimony,  this  salt 
forms  similar  explosive  mixtures ;  and  with  phosphorus  it,  detonates 
violently  by  percussion.  Tlie  mixture  employed  in  the  percussion 
locks  for  guns  consists  of  sulphur  and  chlorate  of  potassa. 

All  the  chlorates  hitherto  examined  are  soluble  in  water,  excepting 
the  protochlorate  of  mer<iury,  which  is  of  sparing  solubility.  These 
salts  are  distinguished  by  the  action  of  strong  muriatic  and  sulphuric 
acids,  the  former  df  which  occasions  ,the  disengagement  of  chlorine 
and  the  protoxide  of  chlorine,  and  the  latter  of  the  peroxide  of 
chlorine. 

None  of  the  chlorates  are  found  native.  The  only  ones  that  re- 
quire particular  description  are  the  chlorates  of  potassa  and  baryta. 

Chlorate  of  Potassa. — This  salt,  formerly  called  oxy muriate  or 
liyperoxymuriate  of  potassa,  is  colourless,  and  crystallizes  in  four  and 
six-sided  scales  of  a  pearly  lustre.  Its  primary  form  is  stated  by  Mr 
Brooke  to  be  an  oblique  rhombic  prism.  It  is  soluble  in  sixteen  times 
its  weight  of  water  at  60**  F.,  and  in  two  and  a  half  of  boiling  water. 
It  is  quite  anhydrous,  and  when  exposed  to  a  temperature  of  400*^  or 
600°  F.  undergoes  the  igneous  fusion.  On  increasing  the  heat 
almost  to  redness,  effervescence  ensues,  and  pure  oxygen  gas  is  dis- 
engaged, phenomena  which  have  been  explained  in  the  section  on 
oxygen. 

The  chlorate  of  potassa  is  made  by  transmitting  chlorine  gas  through 
a  concentrated  solution  of  pure  potassa,  until  the  alkali  is  completely 
neutralized.  The  solution,  which,  after  being  boiled  for  a  few  minutes, 
contains  nothing  but  the  muriate  and  chlorate  of  potassa,  (page  197,) 
is  gently  evaporated  tiU  a  pellicle  forms  upon  its  surface,  and  is  then 
allowed  to  cool.  The  greater  part  of  the  chlorate  crystallizes,  while 
the  muriate  remains  In  solution.  The  crystals,  after  being  washed 
with  cold  water,  may  be  purified  by  a  second  crystallization. 

Chlorate  of  baryta  is  of  interest,  as  being  the  compound  employ- 
ed in  the  formation  of  chloric  acid.  (Page  203.)  The  readiest  mode 
of  preparing  this  salt  is  by  the  process-  of  Mr  Wheeler.  On  digesting 
for  a  few  minutes  a  concentrated  solution  of  chlorate  of  potassa  with  a 
slight  excess  of  silicated  hydrofluoric  acid,  the  alkali  is  precipitated  in 
the  form  of  an  insoluble  double  hydrofloate  of  silica  and  potassa, 
while  chloric  acid  remains  in  solution.  The  liquid  after  filtration  is 
neutralized  by  carbonate  of  baryta,  which  likewise  throws  down  the 
excess  of  hydrofluoric  acid  and  silica.  The  silicated  hydrofluoric  acid 
employed  in  the  process  is  made  by  condueting  fluosilicic  acid  gas 
into  water. 
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lodate^. 

From  the  close  analogy  in  the  composition  of  chloric  and  iodic, 
acids,  it  follows  that  the  general  character  of  the  iodates  must  be 
similar  to  that  of  the  chlorates.  Thus  In  all  neutral  protiodates,  the 
oxygen  contained  in  the  oxide  and  acid  is  in  the  ratio  of  1  to  5. 
They  form  deflagrating  mixtures  with  combustible  matters;  and  on 
being  heated  to  lew  redness,  oxygen  gas  is  disengaged  and  a  metallic 
iodide  remains.  As  the  affinity  of  iodine  for  metals  is  less  energetic 
than  that  of  chlorine,  many  of  the  iodates  part  with  iodine  as  well  as 
oxygen  when  heated,  especially  if  a  high  temperature  is  employed. 

The  iodates  are  easily  recognised  by  the  facility  with  which  their 
acid  is  decomposed  by  deoxidizing  agents.  Thus  the  sulphurotp, 
phosphorous,  muriatic,  and  hydriodic  acids,  deprive  the  iodic  acid  of 
Its  oxygen,  and  set  iodine  at  liberty.  Sulphuretted  hydrogen  not 
only  decomposes  the  acid  of  these  salts,  but  occasions  the  formation 
of  hydriodic  acid  by  yielding  hydrogen  to  the  iodine.  Hence  an 
iodate  may  be  converted  into  a  hydriodate  by  transmitting  a  current 
of  sulphuretted  hydrogen  gas  through  its  solution. 

None  of  the  iodates  have  been  found  native.  They  are  all  of  very 
sparing  solubility,  or  actually  insoluble  in  water,  excepting  the  iodates 
of  the  alkalies.  ^ 

Iodate  of  Potassa.^^This  salt  is  easily  procured  by  adding  iodine 
to  a  concentrated  hot  solution  of  pure  potassa,  until  the  alkali  is  com- 

Sletely  neutralized.  The  liquid  which  contains  the  iodate  and  hy- 
riodate  of  potassa,  (page  212)  is  evaporated  to  dryness  by  a  gentle 
beat,  and  the  residue,  when  cold,  is  treated  by  strong  alcohol.  The 
iodate,  which  is  insoluble  in  that  menstruum,  is  left,  while  the  hydiio- 
"date  of  potassa  is  dissolved. 

All  the  insoluble  iodates  may  be  procpred  from  this  salt  by  double 
decomposition.  Thus  the  iodate  of  baryta  may  be  formed  by  mixing 
muriate  of  baryta  with  a  solutipn  of  iodate  of  potassa. 


SECTION  III. 

PHOSPJSUtTES.    PHOSPHITES.     ARSEJ^LllTES.     AR- 
8EJ)riTES. 

Phoaphatea. 

The  neutral  salts  of  phosphoric  acid  with  fixed  bases  sustain  a  red 
heat  without  decomposition,  but  they  are  all  fusible  at  a  high  teii|- 
perature.  The  phosphates  of  the  common  metals,  at  least  the  greater 
part  of  them,  are  converted  into  phosphurets  by  the  combined  agency 
of  heat  and  charcoal.  The  alkaline  phosphates  are  only  partially 
decomposed  under  these  circumstances,  and  the  phosphates  of  lime, 
baryta,  and  strontia,  undergo  no  change.  The  neutral  phosphates, 
eKceptipg  those  of  potassa,  soda,  and  ammonia,  are  of  sparing  solubil- 
ity in  pure  water ;  but  they  are  all  dissolved  without  eflfervesoence  in 
an  excess  of  phosphoric  or  nitric  acid,  and  are  precipitated,  for  the 
most  part  unchanged,  from  the  acid  solutions  by  pure  ammonia.    Of 
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all  the  phosphates,  those  of  baryta,  time,  and  lead,  and  especially  the 
latter,  are  the  most  insoluble. 

The  presence  of  a  neutral  phosphate  in  solution  maybe  distinguish* 
ed  by  the  tests  already  mentioned  in  the  section  on  phosphorus. 
(Paige  187.)  The  insoluble  phosphates  are  decomposed  when  boiled 
with  a  strong  solution  of  carbonate  of  potassa  or  soda,  the  acid  uniting 
with  the  alkali  so  as  to  form  a  soluble  phosphate.  The  earthy 
phosphates  yield  to  this  treatment  with  some,  difficulty,  and  require 
continued  ebullition. 

Several  phosphates  ate  met  with  in  the  native  state,  such  as  those 
of  lime,  manganese,  iron,  uranium,  copper,  and  lead. 

Phosphate  of  Potassa, — ^This  salt  may  be  prepared  by  a  process 
.analogous  to  that  described  for  the  formation  of  phosphate  of  soda. 
It  is  deliquescent  and  has  not  been  procured  hi  regular  crystals.  It 
consists  of  35.71  parts  or  one  equivalent  of  phosphoric  acid,  and  48 
parts  or  one  equivalent  of  potassa. 

The  biphosphate  may  be  formed  by  adding  phosphoric  acid^  to 
carbonate  of  potassa,  utttil  the  liquid  ceases  to  yield  a  precipitate  with 
muriate  of  baryta,  and  setting  aside  the  solution  to  crystallize.  The 
primary  form  of  the  crystals  is  an  octahedron  with  a  square  base ;  but 
they  commonly  occur  in  square  prisms  terminated  with  the  planes  of 
the  primary  form.  They  are  composed  of  one  equi  P^alent  of  potassa, 
two  of  phosphoric  acid,  and  two  equivalents  of  water.  (Mitscherllch.) 

Phosphate  of  Soda. — Of  the  alkaline  phosphates,  that  with  base  of 
soda  is  the  one  generally  employed,  owing  to  the  facility  with  which 
it  is  obtained  in  crystals.  It  is  prepared  on  a  large  scale  in  chemical 
manufactories,  by  neutralizing  the  superphosphate  of  lime,  procured 
by  the  action  of  sulphuric  acid  on  burned  bones,  (page  184,)  with 
carbonate  of  soda.  The  carbonate  of  lime  is  separated  by  filtration, 
and  the  clear  liquid,  after  being  duly  concentrated  by  evaporation, 
deposites  crystals  of  the  phosphate  of  soda  in  cooling.*  It  commonly 
contains  traces  of  sulphuric  acid,  from  which  it  may  be  purified  by 
repeated  solution  in  distilled  water,  and  crystallization.  It  is  cus- 
tomary in  this  process  to  employ  a  slight  excess  of  the  alkali,  the, 
presence  of  which  facilitates  the  formation  of  crystals.  On  this 
account  the  phosphate  of  soda  has  commonly  an  alkaline  reaction ; 
but  when  carefully  prepared,  Dr  Thomson  says  it  is  quite  neutral. 

This  salt  crystallizes  in  oblique  rhombic  prisms,  which  effloresce  on 
exposure  to  the  air,  and  require  four  parts  of  cold  or  two  of  boiling 
water  for  solution.  According  to  the  analysis  of  Mitscherlich,  it  may 
be  inferred  to  consist  of  35.71  parts  or  one  equivalent  of  acid,  32  parts 
or  one  equivalent  of  soda,  and  112.5  parts  or  twelve  and  a  half  equi- 
valents of  water.  This  salt  is  employed  in  medicine  as  a  laxative,  and 
in  chemistry  as  a  reagent. 

A  singular  change  is  produced  on  this  salt  by  a  high  temperature. 
On  drying  the  crystals  on  a  sand  bath,  they  are  deprived  of  twelve 
equivsuents  of  water,  and  retain  half  an  equivalent,  together  with  al 


*  Dr  Turner  has  committed  a  slight  chemical  inaccuracy  here, 
similar  to  that  which  we  noticed  in  the  note  to  page  187.  By  the 
addition  of  the  carbonate  of  soda  to  the  superphosphate  of  lime,  Uie 
exless  of  acid  only  is  neutralized  by  the  soda,  and  the  carbonic  acid 
is  evolved  with  brisk  effervescence,  instead  of  combining  with  the 
lime,  as  Dr  Turner  supposes.  The  precipitate  Is,  consequently,  phos'^ 
phate  and  not  carbonate  of  lime.  See  Thenard,  TVaUS  de  Chimie, 
CinquAme  Edit,  tome  it.  o.  134.  B. 
Ii2 
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their  Ofual  chartcteis.  Bttt  od  exposure  to  a  red  heat,  the  remaining^ 
half  equivalent  of  water  is  expelled ;  and  the  residual  salt,  without  un<- 
dergoing  any  other  change  of  weight,  is  found  to  have  acquired  pro- 
j»erties  altogether  new.  On  being  dissolved  in  water,  and  the  solution 
.  eet  aside  to  evaporate  spontaneously,  crystals  are  obtained,  having  the 
general  outline  of  an  irregular  six-sided  prism,  and  the  primary  form  of 
which  is  a  rhombic  octahedron.  These  crystals  are  permanent  in  the 
air,  much  less  soluble  in  water  than  the  common  phosphate,  and  are 
composed  of  one  equivalent  of  acid,  one  of  soda,  and  five  of  water. 
Hie  solution  gives  a  white  precipitate  with  nitrate  of  silver,  quite  dif- 
ferent in  colour  and  appearance  from  the  yellow  precipitate  occasioned 
by  the  common 'phosphate. 

This  rcimarkable  fact,  which  is  yet  unexplained,  was  first  noticed 
by  Mr  Clarke  of  Glasgow,  who  has  described  the  new  salt  in  the  Edin- 
burgh Journal  of  Science,  No.  xiv.  p.  298,  under  the  name  of -pyro- 
phosphate of  soda.  The  crystals  were  described  by  Mr  Haidinger  in 
the  same  number. 

In  the  same  Journal,  Mr  Clarke  has  described  a  new  phosphate  of 
soda,  different  from  the  common  one  in  containing  seven  and  a  half 
instead  of  twelve  and  alialf  equivalents  of  water.  It  was  formed  by 
exposing  a  solution  of  the  common  phosphate  to  a  uniform  temperature 
of  about  90°  F.  The  crystals  are  permanent  in  the  air,  and  quite  dif« 
ferent  in  form  from  the  common  phosphate. 

The  bipbosphate  of  soda  is  prepared  by  adding  phosphoric  acid  to 
carbonate  of  soda^  until  the  solution  ceases  to  precipitate  muriate  of 
baryta.  Being  very  soluble  in  water,' the  solution  must  be  concen- 
trated in  order  that  it  may  crystallize.  This  salt  is'  capable  of  yielding 
two  different  kinds  of  crystals  without  varying  its  composition.  (Page 
888.)  The  more  unusual  form,  isomorphous  with  the  binarseniate  of  ' 
soda,  is  a  right  rhombic  prism,  the  smaller  lateral  edge  of  which  is  78° 
80',  terminated  by  pyramidal  planes.  The  primary  form  of  its  ordinary 
crystals  is  a  right  rhombic  prism,  the  smaller  angle  of  which  is  ^3°  5^. 
A  double  phosphate  of  potassa  and  soda  may  be  formed  by  neu- 
tralizing bipbosphate  of  potassa  with  carbonate  of  soda.  The  primary 
form  of  its  crystals  is  an  oblique  rhombic  prism,  which  frequently 
occurs  without  any  modification.  The  crystals  consist  of  one  equiv- 
alent of  each  base,  and  two  of  acid. 

Phosphate  of  Soda  and  Ammonia. — This  salt  is  easily  prepared  by 
dissolving  one  equivalent  of  muriate  of  ammonia  and  two  equivalents 
of  phosphate  of  soda  in  a  fl^mall  quantity  of  boiling  water.    As  the 
liquid  cools,  prismatic  crystals  of  the  double  phosphate  are  deposited, 
while  muriate  of  soda  remains  in  solution.    Their  primary  form  is  ao 
oblique  rhombic  prism.    This  salt  has  been  long  known  by  the  name 
of  mierocosmie  salt,  and  is  much  employed  as  a  flux  in  experiments 
with  the  blowpipe.    When  heated  it  parts  with  its  water  and  ammo- 
nia^ and  a  very  fusible  bipbosphate  of  soda  remains.    It  is  composed* 
of  one  equivalent  of  the  phosphate  of  soda,  one  equivalent  of  the 
phosphate  of  ammonia,  and  ten  equivalents  of  water.  (Mitscherlich.) 
Phosphate  of  Ammonia. — ^This  salt  is  formed  by  adding  ammonia 
to  concentrated  phosphoric  acid  until  a  precipitate  appears.    On  ap- 
plying heat,  the  precipitate  is  dissolved,  and  on  abandoning  the  solu- 
tion-to  itself,  the  neutral  salt  crystallizes.    The  primary  form  of  the 
crystals  fsun  oblique  rhombic  prism,  the  smaller  lateral  angle  of  which 
is  84°  30'.    They  often  occur  in  rhombic  prisms  with  dihedral  sum* 
inits.    They  appear  to  contain  an  equivalent  and  a  half  of  water, 
(Mitscherlich.) 
The  bipbosphate  is  made  in  the  same  manner  as  the  preceding  b|- 
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phosphates.  The  crystals  are  less  soluble  than  the  neutral  phosphate, 
and  undergo  no  change  on  exposure  to  the  air.  Their  primary  foroi 
ie  an  octahedron  with  a  square  base;  but  the  right  square  prism,  ter« 
minajed  by  the  faces  of  the  primary  form,  is  the  most  frequent. 
They  consist  of  one  equivalent  of  ammonia,  two  of  acid,  and  three  of 
water. 

Thosphate  of  Lime. — Chemists  differ«exceeding1y  as  to  the  number 
of  compounds  which  phosphoric  acid  is  capable  of  forming  with  lime. 
There  seems  no  doubt,  however,  from  the  researches  of  Berzelius  and 
others,  that  the  phosphate  of  lime,  as  it  exists  in  bones,  or  as  obtained' 
by  mixing  muriate  of  lime  with  neutral  phosphate  of  soda  in  excess, 
is  composed  of  85.71  parts  or  one  equivalent  of  phosphoric  acid, 
and  28  or  one  equivalent  of  lime.  This  is  the  compound  of  which 
many  urinary  concretions  consist. 

The  biphospbate  of  lime  may  be  prepared  by  dissolving  phosphate 
of  lime  in  a  slight  excess  of  phosphoric  acid.  It  is  very  soluble  ia 
water,  but  does  not  crystallize.  A  superphosphate  is  ^Iso  formed  by 
the  action  of  sulphuric  acid  on  phosphate  of  lime ;  but  whether  it  is 
really  a  biphospbate,  or  some  super-salt  with  a  still  larger  proportion 
of  acid,  is  as  yet  uncertain.    The  biphospbate  exists  in  the  urine. 

Phosphate  of  Ammonia  and  Magnesia. — The  simple  phosphate 
of  magnesia,  which  is  prepared  by  mixing  a  solution  of  the  sulphate 
of  magnesia  with  phosphate  of  soda,  is  of  little  interest ;  but  the  double 
phosphate  is  of  importance  as  constituting  a  distinct  species  of  urinary 
concretion.  It  is  ^easily  procured  by  adding  carbonate  of  amponia 
and  afterwards  phosphate  of  soda  to  a  solution  of  sulphate  of  magnesia, 
when  the  double  phosphate  subsides  in  the  form  of  minute  crystalline 
grains.  This  salt  is  insoluble  in  pure  water;  but  is  dissolved  by  most 
acids,  even  by  the  acetic,  and  is  precipitated  unchanged  when  the 
solution  is  neutralized  by  ammonia. 

The  composition  of  this  salt  has  not  been  satisfactorily  determined. 
On  exposure  to  heat  it  emits  water  and  ammonia,  and  a  compound  of 
phosphoric  acid  and  magnesia  is  left,  which  is  insoluble  in  water,  but 
is  dissolved  by  strong  acids.  When  strongly  heated,  it  undergoes  the 
igneous  fusion,  and  yields  a  white  enamel.  According  to  Stromeyer, 
the  salt,  after  being  exposed  to  a  red  heat,  contains  37  per  cent  of 
magnesia. 

Phosphites  and  Hypophosphites. — These  compounds  have  hither* 
to  been  little  examined,  and  are  of  no  material  importance.  They  do 
not,  therefore,  require  a  particular  description.  (Page  188.) 

Aneniates. 

All  the  arseniates  are  sparingly  soluble  In  water,  excepting  those  of 
potassa,  soda,  ammonia,  and  perhaps  lilhia ;  but  they  ai:e  all  dissolved 
without  eifervescence  by  dilute  nitric  acid,  as  well  as  most  other 
acids  which  do  not  precipitate  the  base  of  the  salt,  and  are  thrown 
down  again  unchanged  by  pure  ammonia.  Most  of  them  bear  a  red 
heat  without  decomposition  ;  but  they  are  all  decomposed  by  being 
heated  to  redness  along  with  charcoal,  metallic  arsenic  being  set  at 
liberty.  The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  re- 
quire a  rather  high  temperature  for  reduction ;  while  the  arseniates  of 
the  common  metals,  such  as  those  of  lead  and  copper,  are  easily  re- 
duced in  a  glass  tube  by  means  of  a  spirit  lamp  without  danger  of 
melting  the  glass.  Of  all  the  arseniates  that  of  lead  is  the  most  insoluble. 

The  soluble  arseniates  are  easily  recognised  by  the  tests  described 
In  the  eeotioa  on  arsenic;  (page  329  \)  and  the  iosolubie  arseniatei, 
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when  boiled  in  «  ttrong  tolofSoo  ef  the  fixed  ftlkaline  carbonatee,  Are 
deprived  of  their  aeid,  which  may  then  be  detected  in  the  usuai  man- 
ner. The  free  aULali,  howerer,  shouid  first  be  exactly  neutralized  by 
pure  nitric  acid. 

The  ameniatet  of  lime,  nickel,  cobalt,  iron,  copper,  and  lead,  are 
natural  productions. 

Arsenic  acid  unites  in  two  proportions  with  potassa,  soda,  and  am* 
roonia,  forming  neutral  and  bi-salts,  all  of  which,  the  neutral  arseniate  of 
potassa  excepted,  may  be  obtained  in  crystals.  They  are  all  formed  by 
adding  arsenic  acid  to  the  alkaline  carbonates,  in  the  manner  described 
for  forming  the  phosphates.  The  binarseniate  of  potassa  may  be 
formed  conveniently  by  heating  to  redness  equal  parts  of  nitrate  of 
polaesa  and  arsenious  acid,  and  continuing  the  heat  until  the  efferves- 
cence arising  from  the  nitre  has  ceased.  These  salts  are  so  similar  to 
tiie  corsespondiog  phosphates  both  in  form  and  composition,  that  a 
particular  description  is  unnecessary. 

Arsenites. 

The  only  soluble  compounds  of  arscnions  acid  and  salifiable  bases 
'  known  to  chemists,  are  the  arsenites  of  potassa,  soda,  and  ammonia, 
which  may  be  prepared  by  boiling  a  solution  of  these  alkalies  in  arse- 
nious acid.  The  other  arsenites  are  insoluble,  or,  at  roost,  sparingly 
soluble  in  pure  water ;  but  they  are  dissolved  by  an  excess  of  their 
own  acid,  with  great  facility  by  nitric  acid,  and  by  most  other  acids 
with  which  their  bases  do  not  form  insoluble  compounds.  The  insol- 
uble arsenites  are  easily  formed  by  the  way  of  double  decomposition. 

On  exposing  the  arsenites  to  heat  in  close  vessels,  either  the  arseni- 
ous acid  is  dissipated  in  vapour,  or  tbey  are  converted,  with  disengage- 
ment of  some  metallic  arsenic,  into  arseniates.  Heated  with  charcoal 
or  black  flux,  the  acid  is  reduced  with  facility.  (Page  269.) 

The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  forming 
a  yellow  arsenite  of  silver  when  mixed  with  the  nitrate  of  that  base, 
and  a  green  arsenite  of  copper,  8efieele*8  green^  with  sulphate  of 
copper.  When  acidulated  with  acetic  or  muriatic  acid,  sulphuretted 
hydrogen  causes  the  formation  of  orpiment.  The  insoluble  arsenites 
are  all  decomposed  when  boiled  in  a  solution  of  carbonate  of  potassa 
or  soda. 

The  arsenite  of  potassa  is  the  active  principle  of  Fowler's  artenical 
solution. 


SECTION  IV. 

CBROMSTES.,    BORATES.    FLU0B0RATE8L 

Chromatea. 

The  salts  of  chromic  acid  are  mostly  either  of  a  yellow  or  red  co- 
lour, the  latter  tint  predominating  whenever  the  acid  is  in  excess. 
The  chromates  of  the  common  metals  are  decomposed  by  a  strong 
red  heat,  by  which  the  acid  is  resolved  into  the  green  oxide  of  chro* 
miiun  and  oxygen  gas ;  but  ibe  chromates  of  the  fixed  alkalies  sustain 
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a  very  high  temperature  without  decomposition.  They  are  all  de- 
composed without  exception  by  the  united  agency  of  heat  and  com- 
bustible matter. 

The  chromates  are  in  general  sufficiently  distinguished  by  their 
colour.  They  may  be  Icnown  chemically  by  the  following  character :— > 
On  boiling  a  chromate  in  muriatic  aciil  mixed  with  alcohol,  the  chro- 
mic acid  is  at  first  set  free,  and  is  then  decomposed,  a  green  muriate 
of  the  oxide  of  chromium  being  generated. 

The  only  native  chromate  hitherto  discovered  is  the  red  chromate 
of  lead  from  Siberia,  in  the  examination  of  which  Yauquelin  made  the 
discovery  of  chromiufli. 

Chromates  of  Potassa.— The  chromate  of  potassa,  from  which  all 
the  compounds  of  chromium  are  directly  or  indirectly  prepared,  it 
made  by  heating  to  redness  the  native  oxide  of  chromium  and  iron» 
commonly  called  chromate  of  iron,  with  an  equal  weight  of  nitrate  of 
potassa,  when  chromic  acid  is  generated,  and  unites  with  the  allcali  of 
the  nitre.  After  digesting  the  ignited  mass  in  water  until  the  chro- 
mate is  dissolved,  the  solution  is  neutralized  by  nitric  acid,  and  con- 
centrated by  evaporation,  in  ortler  that  the  nitrate  of  potassa  should 
crystallize.  The  residual  liquid  is.then  set  aside  to  evaporate  sponta- 
Beously,  and  the  chromate  is  gradually  deposited  in  small  prismatic 
crystals  of  a  lemon-yellow  colour.  The  primary  form  of  its  crystals, 
according  to  Mr  Brooke,  is  a  right  rhombic  prism. 

Chromate  of  potassa  has  a  cool,  bitter,  and  diiragreeable  taste.  It  is 
soluble  to  great  extent  in  boiling  water,  and  in  twice  its  weight  of 
that  liquid  at  60°  Fahr.  It  is  insoluble  in  alcohol.  It  has  an  alkaline 
reaction,  and  on  this  account  M  Tassaert*  regards  it  as  a  subsalt ;  but 
Dr  Thomson  has  proved  that  it  is  neutral  in  composition,  consisting  of 
62  parts  or  one  equivalent  of  chromic  acid,  and  48  parts  or  one  equi- 
yalent  of  potassa.     Its  crystals  are  anhydrousf. 

The  bichromate  of  potassa^  which  is  made  in  large  quantity  at  Glas- 
gow for  dyeing,  is  prepared  by  acidulating  the  neutral  chromate  with 
sulphuric  acid,  and  allowing  the  solution  to  crystallize  by  spontaneous 
evaporation.  When  slowly  formed  it  is  deposited  in  four-sided  tabt^ 
lar  crystals,  the  prirnary  form  of  which  is  an  oblique  rhombic  prism. 
They  have  an  exceedingly  rich  red  colour,  are  anhydrous,  and  consist 
of  one  equivalent  of  the  alkali,  and  two  equivalents  of  chromic  acid. 
(Thomson.)  They  are  soluble  in  about  ten  times  their  weight  of 
water  at  60°  F.,  and  the  solution  reddens  litmus  paper. 

The  insoluble  salts  of  chromic  acid,  such  as  the  chromates  of  baryta, 
lead,  protoxide  of  mercury,  and  silver,  are  prepared  by  mixing  the 
soluble  salts  of  those  bases  with  a  solution  of  the  chromate  of  potassa. 
The  two  former  are  yellow,  the  third  orange-red,  and  the  fourth  deep 
red  or  purple.  The  yellow  chromate  of  lead,  which  consists  of  one 
equivalent  of  acid,  and  one  equivalent  of  oxide,  is  now  extensively 
used  as  a  pigment. 

A  dichromate  of  lead,  composed  of  one  equivalent  of  chromic  acid, 
and  two  equivalents  of  the  protoxide  of  lead,  may  be  formed  by  boil- 
ing carbonate  of  lead  with  excess  of  chromate  of  potassa.  It  is  of  a 
beautiful  red  colour,  and  has  been  recommended  by  Mr  Badams  as  a 
pigment.  (Annals  of  Philosophy,  N.  S.  vol:  ix.  p.  803.) 

*  Ad.  de  Ch.  et  de  Ph.  vol.  xxii. «  f  Ann.  of  Phil.  vol.  xyf. 


406  Carbonates. 


Borates. 

As  (be  boracie  is  a  feeble  acid,  it  neutralizes  the  allralies  in  an  im- 
perfect manner,  and  on  this  account  the  borates  of  soda,  potassa,  and 
ammonia  have  always  an  allcaline  reaction.  For  the  same  reason, 
when  the  borates  are  digested  in  any  of  the  more  powerful  acids,  such 
as  the  sulphuric,  nitric,  or  muriatic,  the  boracie  acid  is  separated  from 
its  base.  This  does  not  happen,  however,  at  high  temperatures;  for 
boracie  acid,  owing  to  its  fixed  nature,  decomposes  at  a  red  heat  all 
•alts,  not  excepting  sulphates,  the  acid  of  which  is  volatile. 

The  borates  of  the  alkalies  are  soluble  in  water,  but  all  the  other 
salts  of  this  acid  are  of  sparing  solubility.  They  are  not  decomposed 
by  heat,  and  the  alkaline  and  earthy  borates  resist  the  action  of  heat 
and  combustible  matter.  They  are  remarkably  fusible  in  the  fire,  a 
property  obviously  owing  to  the  great  fusibility  of  boracie  acid  itself. 

The  borates  are  distinguished  by  the  following  character: — By  di- 
gesting any  borate  in  a  slight  excess  of  strong  sulphuric  acid,  evapo- 
rating to  dryness,  and  boiling  the  residue  in  strong  alcohol,  a  solution 
Ss  formed,  which  has  the  property  of  burning  with  a  green  flame. 
(Page  191.) 

Biborate .of  Soda. — ^This  salt,  the  only  borate  of  importance,  occurs 
native  in  some  of  the  lakes  of  Thibet  and  Persia,  and  is  extracted  from 
this  source  by  evaporation.  It  is  imported  from  India  in  a  crude  state, 
under  the  name  of  TKncat,  which,  after  being  purified,  constitutes  the 
refined  borax  of  commerce.  It  is  frequently  called  subborate  of  soda, 
a  name  suggested  by  the  Inconsistent  and  unphilosophical  practice, 
now  quite  inadmissible,  of  regulating  the  nomenclature  of  salts  merely 
by  their  action  on  vegetable  colouring  matter.  It  crystallizes  in  hexa- 
bedral  prisms,  which  effloresce  on  exposure  to  the  air,  and  require 
twenty  parts  of  cold,  and  six  of  boiling  water  for  solution.     When  ez- 

f>osed  to  heat,  the  crystals  are  first  deprived  of  their  water  of  crystal- 
ization,  and  then  fused,  forming  a  vitreous  transparent  substance, 
called  glass  of  borax.  The  crystals,  according  to  the  analysis  of  Dr 
Thomson,  are  composed  of  4S  parts  or  two  equivalents  of  boracie  acid, 
$2  or  one  equivalent  of  soda,  and  72  or  eight  equivalents  of  water. 

The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation  of  boracie 
acid.  The  biborate  of  magnesia  is  a  rare  natural  production,  which  is 
known  to  mineralogists  by  the  name  o[  boraeite. 

Fiuoboraies. — The  compounds  of  fluoboric  acid  with  salifiable  bases 
are  as  yet  almost  entirely  unknown.  Dr  Davy  ascertained  that  it  unites 
with  ammoniacal  gas  in  three  proportions,  forming  salts,  one  of  which 
is  solid,  and  the  two  others  liquid. 


SECTION  V. 


CJlRB0J>fJlTE8. 


The  carbonates  are  distinguished  fcQm  other  salts  by  being  decern-  - 
posed  with  effervescence,  owing  to  the  escape  of  carbonic  acid  gas, 
by  nearly  all  the  acids. 

All  the  carbonates,  excepting  those  of  pofassa,  soda,  and  lithia,  may 
be  deprived  of  their  acid  by  beat.    The  carbonates  of  baryta  and 
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etrODtia,  and  especially  the  former,  require  an  intenae  white  heat  for 
decomposition  ;  those  of  lime  and  magnesia  are  reduced  to  the  caus- 
tic state  by  a  full  red  heat ;  and  the  other  carbonates  part  with  their 
carbonic  acid  when  heated  to  dull  redness. 

All  the  carbonates,  excepting  those  of  potassa,  soda,  and  ammonia^ 
are  of  sparing  solubility  in  pure  water;  but  all  of  them  are  more  or 
less  soluble  in  an  excess  of  carbonic  acid,  owing  doubtless  to  the 
formation  of  super-salts. 

The  former  nomenclature  of  the  salts  is  peculiarly  exceptionable 
as  applied  to  the  carbonates.  The  two  well  known  carbonates  of 
potassa,  for  example,  are  distinguished  by  the  prepositions  ttib  and 
super,  as  if  the  one  had  an  alkaline,  and  the  other  an  acid  reaction  ; 
whereas,  in  fact,  according  to  their  action  on  test  paper,  they  are  both 
sub-salts.  I  shall  adopt  the  nomenclature  which  has  been  employed 
with  other  salts,  applying  the  generic  name  of  carbonate  to  those  salts 
which  contain  one  equivalent  of  carbonic  acid,  and  one  equivalent 
of  the  base, — compounds  which  may  be  regarded  as  neutral  in  com- 
position, however  they  may  act  on  the  colouring  matter  of  plants. 

Several  of  the,  carbonates  occur  native,  among  which  may  be 
enumerated  the  carbonates  of  soda,  baryta,  strontia,  lime,  magnesia, 
manganese,  protoxide  of  iron,  copper,  lead,  and  the  double  carbonate 
of  lime  and  magnesia. 

Carbonate  of  Potassa. — This  salt  is  procured  in  an  impure  form  by 
horning  land  plants,  lixiviating  their  ashes,  and  evaporating  the  solu- 
tion to  dryness,  a  process  which  is  performed  on  a  large  scale  in  Rus- 
sia and  America.  The  carbonate  of  potassa,  thus  obtained,  is  known 
in  commerce  by  the  names  of  potash  and  pearlashy  and  is  employed 
in  many  of  the  arts,  especially  in  the  formation  of  soap  and  the  manu- 
facture of  glass.  When  derived  from  this  source,  it  always  contains 
other  salts,  such  as  the  sulphate  and  muriate  of  potassa ;  and,  there- 
fore, for  chemical  purposes,  should  be  prepared  from  cream  of  tartar, 
the  bitartrate  of  potassa.  On  heating  this  salt  to  redness,  the  tar- 
taric acid  is  decomposed,  and  a  pure  carbonate  of  potassa  mixed  with 
charcoal  remains.  The  carbonate  is  then  dissolved  in  water,  and, 
atfter  filtration,  is  evaporated  to  dryness  in  a  capsule  of  platinum  or 
silver. 

Pure  carbonate  of  potassa  has  a  taste  strongly  alkaline,  is  slightly 
caustic,  and  communicates  a  green  to  the  blue  colour  of  the  violet. 
It  dissolves  in  less  than  an  equal  weight  of  water  at  60°  F.,  deliquesces  . 
rapidly  on  exposure  to  the  air,  and  crystallizes  with  much  difi&culty 
from  its  solution.  In  pure  alcohol  it  is  insoluble.  It  fuses  at  a  full 
red  heat,  but  undergoes  no  other  change.  According  to  the  analysis 
of  Dr  Wollastpo,  it  is  composed  of  22  parts  or  one  equivalent  of  car- 
bonic acid,  and  48  parts  or  one  equivalent  of  potassa. 

The  purity  of  any  given  specimen  of  this  salt  is  conveniently  ascer- 
tained by  means  of  sulphuric  acid  of  specific  gravity  1.141.  Of  this 
acid,  855  grains  neutralize  100  grains  of  pure  carbonate  of  potassa., 
(Dr  Henry.) 

Bicarbonate  of  Potassa  is  made  by  transmitting  a  current  of  car- 
bonic acid  gas  through  a  solution  of  the  carbonate  of  potassa.  By 
slow  evaporation,  the  bicarbonate  is  deposited  from  the  liquid  in 
prisms  with  eight  sides,  terminated  with  dihedral  summits.  Its  pri- 
mary form  Is  a  right  rhomboidal  prism. 

The  bicarbonate  of  potassa,  though  far  milder  than  the  carbonate, 
is  alkaline  both  to  the  taste  and  to  test  paper.  It  does  not  deliquesce 
on  exposure  to  the  air.  It  requires  four  times  its  weight  of  water  at 
60°  F.  for  solution,  and  is  much  more  soluble  at  212°  F.  but  it  parts 
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wkh  some  of  its  acid  at  that  temperature.  At  a  low  red  heat»  it  i^ 
converted  into  ttie  carbonate.  From  the  analysis  of  Dr  Woilaston^ 
the  crystals  consist  of  one  equivalent  of  potassa,  two  of  acid ^  and  one 
of  water.  I  have  likewise  analyzed'  tliis  salt,  and  obtained  a  similar 
result. 

Dr  Thomson,  in  his  «  First  Pri(|^'iples,'*  has  described  a  sesquicar- 
bonate,  which  was  discovered  by  Dr  Nimmo  of  Glasgow.  Its  crys^ 
tals  are  composed  of  one  equivalent  of  potassa,  an  equivalent  and  a 
half  of  carbonic  acid,  and  six  equivalents  of  water. 

Carbonate  of  Soda, — The  carbonate  of  soda  of  commerce  is  ob- 
tained by  lixiviating  the  ashes  of  sea-weeds.  The  best  variety  is 
known  by  the  name  of  barilla,  and  is  derived  chiefly  from  thp  saUola 
soda  and  salieornia  herbaeea.  A  very  inferior  kind,  known  by  the 
name  o(kelp,  is  prepared  from  sea- weeds  on  the  northern  shores  of 
Scotland.  The  purest  barilla,  however,  though  well  fitted  for  making 
soap  and  glass,  and  for  other  purposes  in  the  arts,  always  contains  the 
sulphates  and  muriates  of  potassa  and  soda,  and  on  this  account  is  of  little 
service  to  the  chemist.  A  purer  carbonate  is  prepared  by  heating  a  mix- 
ture of  sulphate  of  soda,  saw-dust,  and  lime,  in  a  reverberatory  furnace. 
By  the  action  of  the  carbonaceous  matter,  the  sulphuric  acid  is  decom- 
posed ;  its  sulphur  partly  uniting  with  lime  and  partly  being  dissipated 
in  the  form  of  sulphurous  acid,  while  the  carbonic  acid,  which  is  ven- 
erated during  the  process,  unites  with  soda.  The  carbonate  of  soda  is 
then  obtained  by  lixiviation  and  crystallization.  It  is  difficult  to 
obtain  this  salt  quite  free  from  sulphuric  acid. 

The  qbantity  of  real  carbonate  in  the  soda  of  commerce  may  be 
conveniently  estimated  by  its  neutralizing  power.  One  hundred 
grains  of  pure  carbonate  of  soda  is  neutralized  by  460  grains  of  sul- 
phuric acid  of  density  1.141. 

Carbonate  of  soda  crystallizes  in  octahedrons  with  a  rhombic  base, 
the  acute  angles  of  which  are  generally  truncated.  The  crystals 
effloresce  on  exposure  to  the  air,  and,  when  heated,  dissolve  in  their 
water  of  crystallization.  By  continued  heai,  they  are  rendered  an- 
hydrous without  loss  of  carbonic  acid.  They  dissolve  in  about  two 
parts  of  cold,  and  in  rather  less  than  their  weight  of  boiling  water,  and 
the  solution  has  a  strong  alkaline  taste  and  reaction.  According  to 
Dr  Thomson,  the  crystals  are  composed  of  22. parts  or  one  equivalent 
of  carbonic  acid,  32  parts  or  one  equivalent  of  soda,  and  90  parts  er 
ten  equivalents  of  water.  The  water  of  crystallization  is  apt  to  vary 
according  to  the  temperature  at  which  the  crystals  are  formed. 

Bicarbonate  of  Soda. — This  salt  is  made  by  transmitting  a  current 
of  carbonic  acid  gas  through  a  solution  of  the  carbonate,  and  is  de- 
posited in  crystalline  grains  by  evaporation.  Though  still  alkaline,  it 
is  much  milder  than  the  carbonate,  and  far  less  soluble,  requiring  about 
ten  times  its  weight  of  water  at  60°  F.  for  solution.  It  is  decomposed 
partially  at  212°  F.  and  Is  converted  into  the  carbonate  by  a  red  heat. 
It  is  composed,  according  to  Thomson,  of  two  equivalents  of  acid,  one 
of  the  base,  and  one  of  water.  This  result  I  ha^e  confirmed  by  my 
own  observation. 

Sesquiearbonate. — This  compound  occurs  native  on  the  banks  of 
the  lakes  of  soda  in  the  province  of  Sukena  in  Africa,  whence  it  is  ex- 
ported under  the  name  of  Trona.  It  was  first  distinguished  from  the 
two  other  carbonates  by  Mr  Phillips*,  whose  analysis  corresponds 

*  Journal  of  Science,  vol.  vii. 
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with  that  of  Klaproth.  It  consists  of  one  equivalent  of  soda,  an  equiv- 
alent and  a  half  of  acid,  and  two  equivalents  of  water. 

Oirbonate  of  Ammonia, — The  only  method  of  procuring  this  salt 
is  by  mixing  dry  carbonic  acid  over  mercury,  with  twice  its  volume  of 
ammoniacal  gas.  It  is  a  dry  white  volatile  powder,  of  an  ammoniacal 
odour,  and  alkaline  reaction.  From  the  proportion  of  its  constituents 
by  volume,  it  is  easy  to  infer  that  it  is  composed,  by  weight,  of  22 
parts  or  one  equivalent  of  carbonic  acid,  and  17  parts  or  one  equiv- 
alent of  ammonia. 

Bicarbonate  of  Ammonia. — This  salt  was  formed  by  BerthoHet, 
by  transmitting  a  current  of  carbonic  acid  gas  through  a  solution  of 
the  common  carbonate  of  ammonia  of  the  shops.  On  evaporating  the 
liquid  by  a  gejatle  heat,  the  bicarbonate  is  deposited  in  small  six-sided- 
prisms,  which  have  no  smell,  and  very  little  taste.  BerthoHet  ascer- 
tained that  it  contains  twice  as  much  acid  as  the  carbonate. 

Sesquiearbonate  of  Ammonia. — The  common  carbonate  of  ammonta 
of  the  shops,  the  subcarbonas  ammonia  of  the  pharmacopoeia,  is 
different  from  both  these  compounds.  It  is  prepared  by  heating  a 
mixture  of  one  part  of  muriate  of  ammonia  with  one  part  and  a  half  of 
the  carbonate  of  lime,  carefully  dried.  Double  decomposition  en- 
sues during  the  process  ;  muriate  of  lime  remains  in  the  retort,  and  the 
sesquicarbonate  of  ammonia  is  sublimed*.  The  carbonic  acid  and 
ammonia  are,  indeed,  in  proper  proportion  in  the  mixture  for  forming 
the  real  carbonate ;  but  from  the  heat  employed  in  the  sublimation,  part 
of  the  ammonia  is  disengaged  in  a  free  state. 

The  salt  thus  formed  consists,  according  to  the  analysis  of  Mr  Phil- 
lips, Dr  Ure,  and  Dr  Thomson,  of  33  parts  or  an  equivalent  and  a  half 
of  carbonic  acid,  of  17  parts  or  one  equivalent  of  ammonia,  and  9  parts 
or  one  equivalent  of  water.  When  recently  prepared  it  is  hard,  com- 
pact, semi-transparent,  of  a  crystalline  texture,  and  pungent  ammoni- 
acal odour;  but  if  exposed  to  the  air,  it  loses  weight  rapidly,  and  is 
converted  into  an  opake  brittle  mass,  which  is  the  bicarbonate. 

Carbonate  of  Baryta  occurs  abundantly  in  the  lead  mines  of  the 
north  of  England,  where  it  was  discovered  by  Dr  Withering,  and  has 
hence  received  the  name  of  Withente.  It  may  be  prepared  by  way 
of  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  with  any 
of  the  alkaline  carbonates  or  bicarbooates.  It  is  exceedingly  insoluble 
in  distilled  water,  requiring  4300  times  its  weight  of  water  at  60°  F. 
and  2300  of  boiling  water  for  solution  ;  but  when  recently  precipitated, 
it  is  dissolved  much  more  freely  by  a  solution  of  carbonic  acid.  It  is 
highly  poisonous. 

Carbonate  of  Strontiay  which  occurs  native  at  Strontian  in  Argyle- 
shire,  and  is  known  by  the  name  of  strontianite,  may  be  prepared 
in  the  same  manner  as  carbonate  of  baryta.  It  is  very  insoluble  in 
pure  water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 

Carbonate  of  Lime. — ^Thls  salt  is  a  very  abundant  natural  produc- 
tion, and  occurs  under  a  great  variety  of  forms ;  such  as  common 
limestone,  chalk,  marble,  and  Iceland  spar,  and  in  regular  crystals. 
It  may  also  be  formed  by  precipitation.  Though  sparingly  soluble 
in  pure  water,  it  is  dissolved  by  carbonic  acid  in  excess.    On  this  ac- 


*  The  products  of  this  decomposition  are,  strictly  speaking,  sesqui- 
carbonate of  ammonia,  water,  and  chloride  of  calcium.    The  sesqui- 
carbonate and  water  sublime  together,  and  chloride  of  calcium  is  left 
in  the  retort.  B. 
Kk 
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count  the  vpring  water  of  limestone  districti  alwajrs  contains  carbonate 
of  lime,  which  is  deposited  when  the  water  is  boiled. 

Carbonate  of  Magnena, — ^This  salt  is  easily  prepared  by  adding 
carbonate  of  potassa  in  sHght  excess  to  a  hot  solution  of  sulphate  of 
magnesia,  and  e<Alcorating  the  precipitated  carbonate  with  warm 
water.  It  requires  2498  parts  of  cold,  and  9000  of  hot  water  for  solu- 
tion. It  is  so  soluble  in  an  excess  of  carbonic  acid,  that  the  sulphate 
of  magnesia  is  not  precipitated  at  all  in  the  cold  by  the  alkaline  bicar- 
bonates,  or  by  the  sesquicarbonate  of  ammonia.  .  On  allowing  a  solu* 
ton  of  carbonate  of  magnesia  in  carbonic  acid  to  stand  in  an  open  yes- 
sel,  minute  crystals  are  deposited,  which  consist  of  42  parts  or  one 
equivalent  of  the  carbonate,  and  27  parts  or  three  equivalents  of  water. 
(Dr  Henry  and  Berzelius.) 

'  The  native  carbonate  of  magnesia,  according  to  the  analysis  of  Di 
Henry  and  Stromeyer,  is  similar  in  composition  to  the  precipitated 
carbonate. 

Carbonate  of  Iron. — Carbonic  acid  does  not  form  a  definite  com- 
pound with  peroxide  of  iron,  but  with  the  protoxide  it  constitutes  a 
salt  which  is  an  abundant  natural  production,  occurring  sometimes 
massive,  and  at  other  times  crystallized  in  rhomboids  or  hexagonal 
prisms.  This  protocarbonate  of  iron  is  contained  also  in  most  of  the 
chalybeate  mineral  waters,  being  held  in  solution  by  free  carbonic 
acid ;  and  it  may  be  formed  by  mixing  an  alkaline  carbonate  with  the 
protosulphate  of  iron.  When  prepared  by  precipitation  it  attracts  oxy- 
gen rapidly  from  the  atmosphere,  and  the  protoxide  of  iron,  passing 
mto  the  state  of  peroxide,  parts  with  carbonic  acid.  For  this  reason, 
the  carbonate  of  iron  of  the  pharmacopoeia  is  of  a  red  colour,  and  con- 
sists chiefly  of  the  peroxide. 

Carbonate  of  Copper. — The  beautiful  green  mineral,  called  mala* . 
ehiiet  is  a  carbonate  of  the.  peroxide  of  copi^er;  and  a  similar  com- 
pound may  be  formed  from  the  persulphate  by  double  decomposition, 
or  by  exposing  metallic  copper  to  air  and  moisture.  According  to  the 
analysis  of  malachite  by  Mr  Phillips,  this  mineral  is  composed  of  80 
parts  or  one  equivalent  of  the  peroxide  of  copper,  one  equivalent  of 
carbonic  acid,  and  one  equivalent  of  water.  (Journal  of  Science, 
vol.  iv.) 

The  blue  pigment,  called  verditery  said  to  be  prepared  by  decompos- 
ing nitrate  of  copper  by  chalk,  is  an  impure  carbonate*. 

Carbonate  of  Lead. — This  salt,  which  is  the  white  lead  or  eertistf 
of  painters,  occurs  native,  but  may  be  obtained  by  double  decompo- 
sition. It  is  prepared  for  the  purposes  of  commerce  by  exposing 
coils  of  tbin  sheet  lead  to  the  vapour  of  vinegar,  when,  by  the  action 
of  the  acid  fumes,  the  lead  is  both  oxidized  and  converted  into  a  car- 
bonate . 


*  On  the  composition  and  preparation  of  this  pigment,  the  reader 
may  consult  the  remarks  of  Mr  Phillips  in  the  essay  quoted  in  the 
iext. 
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SECTION  VI. 

SjILTS  of  the  HTDRACIDS. 

By  the  expression  saUa  of  the  hydraeids  is  meaDt  those  saline  com- 
pounds, the  acid  of  which  contains  hydrogen  as  one  of  its  elements. 
These  salts  owing  to  the  peculiar  constitution  of  their  acid,  have  cer- 
tain common  propertfes,  and  may,  therefore,  be  described  advanta- 
Seously  in  the  same  section.  Many  of  the  circumstances  relative  to 
aem  have  already  been  mentioned  in  sufficient  detail,  partly  in  the 
remarks  introductory  to  the  study  of  the  metals,  (page  275,)  and 
partly  in  the  description  of  the  individual  metals  themselves.  I  sliall, 
for  this  reason,  describe  the  salts  of  the  hydraeids  chiefly  in  a  general 
manner,  giving  a  particular  description  of  those  compounds  only, 
which  are  possessed  of  some  peculiar  interest. 

Most  of  the  salts  which  are  composed  of  a  hydracid  and  a  metallic 
oxide  are  so  constituted,  that  the  oxygen  of  the  oxide  contains  a 
quantity  of  oxygen  precisely  sufficient  for  forming  water  with  the  hy- 
drogen of  the  acid.  This  is  true  of  all  the  neutral  compounds  con- 
taining a  protoxide,  without  exception,  add  it  likewise  holds  good  in 
many  other  cases.  Thus,  in  the  soluble  muriate  of  the  peroxide  of 
iron,  the  oxide,  which  contains  an  equivalent  and  a  half  of  oxygen,  is 
united  with  an  equivalent  and  a  half  of  acid ;  and  in  the  solut^Ie  per- 
muriate  of  copper,  the  oxide,  which  contains  two  equivalents  of  oxy- 
gen, is  united  with  two  equivalents  of  acid. 

The  elements  of  the  salts  of  the  hydraeids,  as  mentioned  at  page 
275,  are  very  prone  to  arrange  themselves  in  a  new  order.  All  these 
salts  are  exposed  to  the  action  of  two  divellent  and  three  quiescent 
affinities.  In  the  muriate  of  soda,  for  example,  the  forces  which  tend 
to  prevent  a  change,  are  the  attraction  of  sodium  for  oxygen,  of  chlo-  - 
fine  for  hydrogen,  and  of  muriatic  acid  for  soda ;  while  the  opposite 
affinities  are  the  attraction  of  chlorine  for  sodium  and  of  hydrogen  for 
oxygen.  The  latter  always  preponderate  when  heat  is  employed, 
because  the  volatility  of  water  favours  the  production  of  that  fluid ; 
and  in  many  instances  the  affinities  appear  so  nicely  balanced,  that 
the  cohesion  of  one  of  the  compounds  is  sufficient  to  influence  the 
result,  as  is  exemplified  by  muriate  of  soda,  which,  in  the  act  of  crys- 
tallizing, is  converted  into  chloride  of  sodium. 

Muriates  or  Hydrochlorates. 

Most  of  the  salts  of  muriatic  acid  are  soluble  in  water,  and  some  of 
them  exist  only  in  a  state  of  solution.  They  are  distinguished  from 
other  salts  by  forming  the  white  insoluble  chloride  of  silver,  when 
mixed  with  the  nitrate  of  that  base,  and  by  being  decomposed  with 
disengagement  of  muriatic  acid  fumes  by  strong  sulphuric  acid.  The 
decomposition  of  the  muriates,  owing  to  the  volatile  nature  of  their 
acid,  is  efiected  by  the  phosphoric  and  arsenic  acids  at  the  tempera- 
ture of  ebullition. 

Muriates  of  Poiassa  and  Soda.'^ThesB  salts  exist  only  in  a  state 
of  solution,  and  are  frequently  contained  in  mineral  springs.  The 
muriate  of  soda,  as  already  mentioned  in  the  section  on  sodium,  ts 
the  chief  constituent  of  sea-water. 
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Muriate  of  Ammonia. — This  salt,  the  sal  ammcniac  of  commerce, 
was  formerly  imported  from  Egypt,  where  it  is  procured  by  sublima- 
tion from  the  soot  of  camel's  dung ;  but  it  is  now  manufactured  in 
Europe  by  several  processes.  The  most  usual  method  is  to  decom- 
pose sulphate  of  ammonia  by  the  muriate  either  of  soda  or  magnesia. 
Double  decomposition  ensues,  giving  rise  in  both  cases  to  muriate  of 
ammonia,  and  to  sulphate  of  soda,  when  the  muriate  of  that  base  \a 
used,  or  to  sulphate  of  magnesia,  when  the  muriate  of  magnesia  is  em- 
ployed. The  sal  ammoniac  is  afterwards  obtained  in  a  pure  state  by 
sublimation.  Sulphate  of  ammonia  may  be  conveniently  procured  for 
this  purpose,  either  by  lixiviating  the  soot  of  coal,  which  contains 
that  salt  in  considerable  quantity ;  or  by  digesting  the  impure  carbon- 
ate of  ammonia,  procured  by  exposing  bones  and  other  animal  mat- 
ters to  a  red  heat,  with  gypsum,  so  as  to  form  an  insoluble  carbonate 
of  lime,  and  a  soluble  sulphate  of  ammonia. 

Muriate  of  ammonia  has  a  pungent  saline  taste,  and  is  soluble  ia 
three  parts  of  water  at  60°  F,  causing  a  considerable  reduction  of 
temperature  during  the  solution.  Boiling  water  dissolves  about  an 
equal  weight,  and  the  solution  deposites  crystals  in  cooling.  At  a  tem- 
perature below  redness,  it  sublimes  without  fusing  or  undergoing  any 
change  in  composition,  and  condenses  on  cool  surfaces  as  an  anhy- 
drous salt,  which  attracts  humidity  in  a  moist  atmosphere,  but  if 
pure  is  not  deliquescent. 

When  muriatic  acid  gas  is  mixed  with  an  equal  volume  of  ammonia, 
both  gases  disappear  entirely,  and  pure  muriate  of  ammonia  results. 
It  hence  follows  that  this  salt  is  composed  by  weight  of  87  parts  or 
one  equivalent  of  muriatic  acid,  and  17  parts  or  one  equivalent  of 
ammonia. 

Muriate  of  Baryta. — This  compound  is  best  formed  by  dissolving 
carbonate  of  baryta,  either  native  or  artificial,  in  muriatic  acid  diluted 
with  three  parts  of  water.  It  may  also  be  formed  by  the  action  of 
muriatic  acid  on  the  hydrosulphuret  of  baryta,  (pdge  292;]  or  by 
heating  sulphate  of  baryta  with  an  equal  weight  of  muriate  of  lime 
until  fusion  takes  place,  and  then  dissolving  the  muriate  of  baryta 
which  is  generated,  and  separating  it  by  means  of  a  filter  from  tho 
sulphate  of  lime. 

Muriate  of  baryta,  when  its  solution  Is  gently  evaporated,  crystallizes 
readily  in  flat  rectangular  plates,  bevelled  at  the  edges,  much  resem- 
bling crystals  of  heavy  spar.  The  crystals,  according  to  Thomson, 
consist  of  115  parts  or  one  equivalent  of  muriate  of  baryta,  and  9  parts 
or  one  equivalent  of  water.  On  heating  the  crystals  to  redness,  two 
equivalents  of  water  are  expelled,  and  106  parts  or  one  equivalent  of  the 
chloride  of  barium  are  left.  The  crystals,  therefore,  may  be  regarded 
as  chloride  of  barium  with  two  equivalents  of  water  ot  crystallization. 
The  fact,  noticed  by  Mr  Graham,  that  the  pulverized  crystals  lose  two 
equivalents  of  water  in  a  very  dry  atmosphere,  and  recover  them  again 
in  a  moist  one,  is  very  favourable  to  this  opinion. 

The  crystallized  muriate  of  baryta  is  insoluble  in  pure  alcohol.  It 
requires  about  two  and  a  half  times  its  weight  of  water  at  60°  F.  for 
solution,  and  is  much  more  soluble  in  boiling  water.  The  crystals  are 
permanent  in  the  air. 

This  salt  is  much  employed  as  a  reagent  in  chemistry. 

Muriate  of  strontia  is  made  in  the  same  manner  as  muriate  of 
baryta,  from  which  it  is  distinguished  by  forming  prismatic  crystals, 
by  its  solubility  in  alcohol,  and  by  imparting  a  red  tint  to  flame.  The 
crystals  consist  of  one  equivalent  of  muriate  of  strontia,  and  eight 
.equivalents  of  water;  and  when  heated  to  redness,  nine  equivalents  of 
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Wfttor  are  expelled,  and  one  equivalent  of  the  chloride  of  ationtium 


The  crystallized  muriate  attracts  humidity  from  a  moist  atmosphere, 
bat,  if  pure,  it  is  permanent  in  a  moderately  dry  air.  The  crystals  are 
escMsedingly  soluble  in  boiling  water,  and  require  for  solution  about 
twice  their  weight  of  water  at  60''  F. 

Muriate  of  lime  is  formed  by  neuXralizing  m\iriatic  acid  with  pure 
marble.  The  salt  is  very  soluble  both  in  water  and  alcohol,  and  de* 
liquesces  with  rapidity  even  in  a  dry  atmosphere.  It  crystallizes, 
though  with  considerable  difficulty,  in  prisms,  which  consist,  accord- 
ing to  Thomson,  of  one  equivalent  of  muriate  of  lime,  and  six  equiva- 
lents of  water.  When  heated,  seven  equivalents  of  water  are  ex- 
pelled and  a  chloride  remains.  It  mav  of  course  be  regarded  as 
chloride  of  calcium,  with  seven  equivalents  of  water  of  crystalliza- 
tion. 

The  crystallized  muriate  is  the  compound  which  produces  such  an 
intense  degree  of  cold  when  mixed  with  snow.  It  is  prepared  for  this 
purpose  by  evaporating  the  solution  until  a  drop  of  it  on  falling  upon 
a  cold  saucer  becomes  solid. 

Ahtriate  of  magneaia  exists  in  many  mineral  springs,  and  is  con- 
tained abundantly  in  sea-water.  When  muriate  of  soda  is  separated 
from  sea- water  by  crystallization,  an  uncrystallizable  liquid,  called 
Httem,  is  left,  which  consists  chiefly  of  muriate  of  magnesia,  and  is 
much  employed  in  the  manufacture  of  sal  ammoniac  for  decomposing 
sulphate  of  ammonia. 

.  Muriate  of  magnesia  has  a  bitter  taste,  is  highly  soluble  in  alcohol 
and  water,  and  deliquesces  With  rapidity  in  the  open  air.  When  heat- 
ed to  redness,  it  loses  a  portion  of  its  acid  as  well  as  water. 

Muriate  of  iron. — When  iron  is  dissolved  in  dilute  muriatic  acid,  a 
muriate  of  the  protoxide  is  generated,  which  yields  pale  green-colour- 
ed crystals  when  the  solution  is  concentrated  by  evaporation.  This 
salt  is  much  more  soluble  in  hat  than  in  cold  water,  and  is  not  deli- 
quescent. It  absorbs  oxygen  with  rapidity  from  the  air,  forming  a 
soluble  muriate  of  the  peroxide.  When  boiled  with  a  little  nitric  acid, 
a  soluble  muriate  of  the  peroxide  is  also  generated,  which  is  of  a  red 
colour,  crystallizes  with  difficulty,  deliquesces  on  exposure  to  the  air, 
and  is  dissolved  by  alcohol.  It  is  composed  of  one  equivalent  of  the 
peroxide,  and  an  equivalent  and  a  half  of  muriatic  acid,  being  a  ses- 
quimuriate. 

The  black  oxide  is  also  dissolved  by  muriatic  acid,  forming  a  dark 
coloured  solution,  which  may  be  regarded  as  a  mixture  of  the  muriates 
of  the  peroxide  and  protoxide  of  iron.  (Page  81&.) 

Hydriodates. 

Hydriodic  acid  unites  with  the  alkalies  and  alkaline  earths,  and  with 
the'oxides  of  manganese,  zinc,  and  iron.  With  several  of  the  metallic 
oxides,  it  does  not  enter  into  combination.  Thus  on  mixing  the  hy- 
driodate  of  potassa  with  a  salt  of  mercury  or  silver,  the  iodides  of  these 
metals  are  deposited.  With  the  acetate  of  lead,  a  yellow  compound  is 
thrown  down,  which  is  an  iodide  of  lead. 

The  most  direct  method  of  forming  the  hydriodates  of  the  alkalies 
and  alkaline  earths,  all  of  which  are  soluble  in  water,  is  by  neutraliz- 
ing those  bases  with  hydriodic  acid.  The  hydriodates  of  iron  and  zinc 
may  be  made  by  digesting  small  fragments  of  those  metals  with  water 
in  which  iodine  is  suspended. 

All  the  hydriodates  are  decomposed  by  sulphuric  and  nitricAcids^  oe 
K  K  2 
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by  cfalorioe»  tfie  liydoodic  acid  bainc  deprived  af  hydn>g«D»  and  Ae 
iodine  set  at  liberty.  (Page  214.)  They  are  not  decomposed  by  «k- 
pooure  to  the  air. 

The  only  hydriodatea  which  have  hitherto  been  found  m/^revt 
thoae  of  potaiaa  andaoda,  the  aourcea  of  which  have  already  been  toaoL" 
tioned  io  the  section  on  iodine.  Of  these  salts,  the  hyditodate  of  pe- 
tassa  is  the  most  common. 

HydriodaU  ^PUoMio, — ^This  salt,  which  is  the  only  hjrdribdate  ef 
importance,  exists  only  in  solutton;  for  it  is  converted  in  the  act  of 
crystallizing  into  iodide  of  potassium.  It  is  exceedingly  soluble  in  iioll- 
ing  water,  and  requires  only  two-thirds  of  its  weight  of  water  at  60* 
F.  for  solution.  It  is  dissolved  freely  by  alcohol;  and  when  a  saturat- 
ed, hot,  alcoholic  solution  is  set  aside  io  cool,  iodide  of  potassium 
iM  deposited  in  cubic  crystals.  A  solution  of  liydriodate  of  potassa  is 
capable  of  dissolving  a  large  quantity  of  iodine,  a  property  which  is 
common  to  all  the  hydriodates. 

The  hydrtodate  of  potassa  is  easily  made  by  neiitndiaiog  hydiiodie 
acid  with  pure  potassa ;  but  in  preparing  a  considerable  quantity  of  the 
salt,  as  for  medical  use,  it  is  desirable  to  dispense  with  the  prelinrioa- 
ry  step  of  making  the  acid.  With  this  intention  the  following  methpd, 
which  I  have  described  in  the  Edinburgh  Medical  and  Suigical  Jour* 
llil  for  July  1826,  may  be  employed  with  advantage.  The  proeees 
consists  in  adding;  to  a  hot  solution  of  pure  potassa  as  much  iodine  as 
it  is  capable  of  dissolving,  by  which  meios  a  deep  brownish-red  co- 
loured fiuid  is  formed,  consisting  of  the  iodate  and  hydriedate  of  po- 
tassa, together  with  a  large  exce^  of  free  iodine.  Through  this  solution 
a  current  of  sulphuretted  hydrogen  gas  is  transmitted,  until  the  free 
iodine  and  iodic  acid  are  converted  into  hydriodie  acid,  changes  whidi 
may  be  known  to  be  accomplished  by  the  liquid  becoming  quite  limpid 
and  colourless.  The  solutton  is  then  gently  heated  in  order  to  expel 
any  excess  of  solphuretted  hydrogen,  and,  after  being  filtered,  the  free 
hydriodic  acid  is  exactly  neutralized  by  pure  potassa. 

A  still  easier  process  has  been  proposed,  which  consists  in  adding 
iodine  to  a  sointion  of  bydrosulphate  of  potassa,  or  the  common  hep&r 
$uiphuri»  of  the  Pharmacopceia,  (page  278)  until  the  potassa  is  ei^- 
actly  neutralized.  Tlie  hydriodate  is  then  formed  at  once,  without  the 
necessity  of  a  current  of  sulphuretted  hydmgen  gas. 

Hydrobromates. 

The  salts  of  hydrobromic  acid  have  as  yet  been  but  partially  exam- 
ined, and  the  chief  facts  kiBown  respecting  them  have  already  been 
mentioned  in  the  section  on  bromine. 

Hydrofluates. 

Hydrofluoric  acid  unites  readily  with  the  pure  alkalies,  yielding  so- 
luble hydrofluates,  which  ara  converted  into  metallic  fluorides  by  the 
action  of  heat.  The  neutral  hydrofluates  of  the  alkalies,  those 
namely  that  contain  one  equivalent  of  acid  and  one  equivalent  of  base, 
have  an  alkaline  reaction.  It  may  be  doubted  if  this  acid  can  unite  at 
ail  with  the  alkaline  earths ;  for  it  yields  with  them  insoluble  com- 
pounds, which  have  all  the  characters  of  metallic  fluorides.  The 
same  remark  applies  to  the  action  of  hydrofluoric  acid  on  the  earths, 
with  the  exception  of  alumina  and  zirconia>  which  form  sohible  hydro- 
fluates. 

The  salts  of  hydrofluoric  add  are  recognised  by  forming  with  mu- 
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fiat*  of  liflM» «  while  golattootn  preeipitate,  which  yields  faydfofldorle 
acid  whsa  heated  with  coneeatnited  sulphuric  acid. 

It  te  doubtfid  if  any  hydroflcrate  exists  ready  formed  in  the  mhieral 
Jdngdem.  Four  minerals  may  be  enumerated  as  such  ;  fiamely,  tlie 
tojMZ  or  die  dooUe  Iq^rofiuate  of  silica  and  alumina,  the  hydrofluate 
ml ocriura,  double  hyckeiluate  of  cerium  and  yttria,  and  ctyoliteoT the 
doubie  hydrafloate  of  alumina  and  soda.  It  is  probable,  howevefy 
that  these  compounds,  like  fluor  spar,  are  metallic  iluorideor. 

Bydrefluate  ofPaiaisa, — Potassa  unites  with  hydrofluoric  acid  fai 
two  i^Toportions,  forming  a  hydrofluate  and  btbydrofluate ;  the  former 
of  which  consists  of  one,  %nd  the  htter  of  two,  equivalents  of  acid, 
muted  with  one  equivalent  of  potassa.  The  hydrofluate,  which  has 
en  alkaline  reaction,  is  best  prepared  by  supersaturating  carbonate  of 
potassm  pkh  hydrofluoric  ecid,  evaporating  the  solution  to  dryness, 
and  expelling  the  excess  of  acid  by  heat.  The  residue  has  a  sbarp^a- 
line  taste,  is  deHqoescent,  and  crystalKses  with  difficulty ;  but  when 
evaporated  at  a  temperature  between  95°  and  104°,  it  forms  cubic  crys- 
tals. These  crystals,  like  the  salt  alter  being  heated,  are  most  proba- 
bly fluoride  of  potassium. 

The  bihydronoate  is  easily  procured  by  adding  to  hydrofluoric  acid 
>  ft  quantity  of  potassa  insufficient  for  neutralizing  it  completely,  and 
coftcentraiing  the  solution.    By  slow  evaporation  it  yields  rectangular  \ 
,  tables,  the  kieral  edges  of  which  are  bevelled.    This  salt  has  an  acid 
reaction,  is  soluble  in  water,  and  decomposed  by  heat. 

Sydrqfiuaie  of  Soda. — The  neutral  and  acid  'hydrofluates  of  soda 
may  be  formed  in  the  same  manner  as  the  preceding  salts.  The  acid 
hydrofluate  consists  of  one  equivalent  of  base  and  two  of  the  acid,  pos- 
sesses Ik  sharp  and  purely  sour  taste,  is  but  sparingly  soluble  in  cold 
water,  and  crystallizes  in  tiansparent  rhombohedrons.  The  neutral  hy- 
drofluate is  sparingly  aoloUe  in  water,  and  its  solutrility  is  not  increas- 
ed by  elevation  of  temperature.  It  is  almost  completely  insoluble  'm 
alcohol.  It  commonly  crystallizes  in  cubes  like  cbiorlde  of  sodium, 
b«t  assumes  the  form  of  an  octahedron  when  carbonate  of  soda  iff  pre- 
sent. 

The  neutral  and  acid  hydrofloates  of  lithia  am  sparingly  soluble  is 
water. 

The  neutral  hydrofluate  of  ammonia  may  be  prepared  by  mixing  in 
a  platifltum  crucible  1  part  of  sal  ammoniac  and  2  1-4  parts  of  fluoride 
of  sodium,  both  in  fine  powder  and  quite  dry,  and  applying  a  gentle 
lieat  with  a  spirit  lamp.  The  hydrofluate  of  ammonia  subfimes,  and 
condenses  in  small  prisms  on  the  lid  of  the  crucible,  if  kept  cool,' with- 
out any  i^dmixtune  of  muriate  of  ammonia.  Chloride  of  sodium  is  ge- 
nerated at  the  same  time. 

This  salt  is  permanent  in  the  air,  slightly  soluble  in  alcohol,  and  co- 
piously dissoWed  by  water.  It  corrodes  glass  vessels  even  in  its  dry 
state.  In  solution  it  gradually  parts  with  ammonia,  and  is  converted 
isto  a  deliquescent  bihydrofluate. 

It  is  doubtful  if  the  alkalme  earths  combine  at  all  with  hydrofluoric 
acid.  On  digesting  recently  precipitated  carbonate  of  baryta  in  an  ex- 
cess of  this  acid,  carbonic  acid  is  gradually  evolved,  and  a  compound 
is  formed,  which  appears  to  be  a  fluoride  of  barium.  It  is  very 
slightly  soluble  m  water  and  hydrofluoric  acid ;  but  it  is  dissolved 
freely  by  muriatic  acid,  and  ammonia  added  to  the  solution  causes  a 
precipitate,  which  is  a  compound  of  fluoride  and  chloride  of  barium. 
A  similar  substance  is  formed  on  mixmg  a  solution  of  muriate  of  ba- 
ryta with  an  alkaline  hydrofluate;  .      * 

Oa  digesting  newly  precipitated  oehrboaate  of  lime  In  an  excess  of 
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hydiofiuorie  tcid»  a  gnmalw  fleoiide  of  caleiom  to  genentsd.  It  to 
insoluble  in  water  and  bydroflooric  acid,  and  is  very' slightly  dtosoWed 
by  muriatic  acid.  It  may  also  bo  formed  by  doable  decomposition; 
but  it  then  forms  a  translucid  jelly,  which  filto  up  the  pores  of  a  filter, 
and  to  therefore  washed  with  difficulty.  Thto  compound  appears  to  be 
identical  with  the  beautiful  mineral,  commonly  known  by  the  name  of 
fluor  or  Derbyshire  epar.  This  mineral  frequently  accompcbies  me- 
tallic ores,  especially  those  of  lead  and  tin ;  and  it  often  occurs  ciys* 
tallised  either  in  cubes  or  some  of  its  allied  forms.  The  cnrstato  foimd 
in  the  lead  mines  of  Derbyshire  are  remarkable  for  the  largeness  of 
their  size,  the  regularity  ef  their  form,  an^^  the  variety  and  beauty  of 
their  colours.  It  is  employed  in  forming  vases,  as  a  flux  in  metallurgle 
processes,  and  in  the  preparation  of  hydrofluoric  acid.  The  nataio 
and  composition  of  thto  substance  were  considered  on  a  former  ocea- 
sion.  (Page  225.) 

For  an  account  of  the  action  of  bydroflaoric  acid  on  other  metallic 
oxides,  I  may  refer  to  an  essay  of  Berzelius  on  thto  subject.  (Annato 
of  Philosophy,  xxiv.  335.) 

Hydrosulphurets  or  Hydrosulphates. 

Sulphuretted  hydrogen  forms  soluble  salts  with  the  alkalies  and  alka- 
line earths,  most  of  which  are  capable  of  crystallizing.  With  the  alka- 
lies, indeed,  if  not  with  other  bases,  this  acid  unites  in  two  proportions, 
forming  a  hydrosolphate  and  a  bihydrosulphate.  It  may  -be  doubted 
if  sulphuretted  hydrogen  to  capable  of  uniting  with  any  of  tl^e  oxides 
of  the  common  metato;  for  when  their  salts  are  mixed  with  the  hydro- 
sulphate  ef  potassa,  a  precipitate  takes  place,  which,  in  most,  if  not  in 
all  cases,  is  the  sulphuret  of  a  metal,  and  not  the  bydrosulphate  of  its 
oxide.  Thus,  by  the  action  of  the  bydrosulphate  of  potassa  on  the 
nitrates  of  lead,  copper,  bismuth,  silver,  or  mercury,  nitrate  of  potassa 
to  formed,  water  is  generated,  and  a  metallic  sulphuret  subsides.  The 
precipitates  occasioned  by  bydrosulphate  of  potassa  in  a  salt  of  iron, 
zinc,  and  manganese,  may  also  be  regarded  as  sulphurets ;  for  though 
sulphuric  acid  decomposes  these  compounds  with  evohitien  of  sul- 
phuretted hydrogen,  it  does  not  follow  that  that  acid  had  previously 
eztoted  in  them. 

As  sulphuretted  hydrogen  is  a  weak  acid,  and  naturally  gaseous,  it» 
salts  are  decomposed  by  most  other  acids,  such  as  the  sulphuric,  mu* 
riatic,  and  acetic  acids,  with  disengagement  of  sulphuretted  hydrogen 
M,  a  character  by  which  all  the  bydrosulphates  are  easily  recognised. 
They  are  decomposed,  likewise,  by  chlorine  and  iodine,  with  separa- 
tion of  sulphur,  and  formation  of  a  muriate  or  hydriodate.  When  re- 
cently prepared,  they  form  solutions  which  are  colourless,  or  nearly 
80 ;  but  on  exposure  to  the  air,  oxygen  gas  is  absorbed,  a  portion  of 
ks  acid  is  deprived  of  its  hydrogen,  and  a  sulphuretted  bydrosulphate 
of  a  yellow  colour  is  generated.  By  continued  exposure,  the  whole 
ef  the  sulphuretted  hydrogen  to  decomposed,  water  and  hyposulpburous 
acid  being  produced. 

The  hydrosulphates  of  baryta  and  strontto,  prepared  by  dissolving 
the  sulphurets  of  barium  and  strontium  in  water,  are  sometimes  used 
In  preparing  the  salts  of  those  bases.  The  hydrosulphates  of  potassa 
and  ammonia  are  employed  as  rei^Kents. 

Hydroauiphate  of  Potassa.-— This  salt  to  made  by  transmitting  a 
current  of  sulphuretted  hydrogen  gas  into  a  solution  of  pure  potassa, 
contained  in  a  Woulfe's  apparatus,  and  continuing  the  operation  as 
long  as  the  gas  to  absorbed.-  When  all  the  alkaM  to  combined  with 
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sulphuretted  hydrogen,  it  is  no  longer  able  to  precipitate  a  salt  of  mag- 
Desia.  If  the  alkali  is  completely  saturated  with  the  gas,  the  resulting 
compound,  though  it  has  still  an  alkaHne  reaction,  is  a  bihydrosul- 
phate.  This  salt  has  an  alkaline  bitter  taste,  and  crystallizes  in  six- 
sided  prisms,  which  are  deliquescent  and  soluble  in  alcohol  as  well  as 
water. 

Hydrosulphate  of  Ammonia. — This  salt  is  made  in  the  same  man* 
ner  as  the  preceding  compound.  It  may  be  procured  in  white  acicular 
crystals  by  mixing  together  sulphuretted  hydrogen  and  ammoniacal 
gases  in  a  dry  vessel.  As  the  crystals  are  very  volatile,  the  vessel  in 
which  the  combination  is  ejected  should  be  kept  cool  by  ice. 

Hydroseleniates. — These  salts  have  been  little  examined,  owing  to 
the  scarcity  of  selenium.  The  researches  of  Berzelius  have  demon- 
strated, however,  that  hydroselenic  acid  forms  with  the  alkalies  soluble 
compounds,  which  are  very  analogous  in  their  chemical  relations  to 
the  hydrosulphates,  and  which  precipitate  the  salts  of  the  common 
metals,  giving  rise  in  most,  if  not  in  all  cases,  to  the  formation  of  a 
metallic  seleniuret. 

Hydrocyanates. 

Hydrocyanic  acid  unites  with  alkalies  and  alkaline  earths,  and  pro- 
bably With  several  other  bases ;  but  these  compounds  have  as  yet  been 
studied  in  a  very  imperfect  manner.  The  hydrocyanate  of  potassa  is 
the  best  known.  It  is  generated  by  the  decomposition  of  water  when 
cyanuret  of  potassium  is  put  into  that  fluid,  and  may  be  made  directly 
by  mixing  hydrocyanic  acid  with  a  solution  of  potassa.  M.  Robiquet 
recommends  that  it  should  be  prepared  by  exposing  ferrocyanate  of 
potassa  to  a  long  continued  red  heat,  by  which  means  the  ferrocyanic 
acid  is  decomposed,  and  a  dark  mass,  consisting  of  the  cyanuret  of 
potassium,  mixed  with  charcoal  and  iron,  remains  in  the  crucible. 
This  process  succeeds  well  If  carefully  performed  ;  but  it  is  difficult  tfi 
destroy  the  whole  of  the  ferrocyanic  acid,  without  decomposing  at  the 
same  time  the  cyanuret  of  potassium.  If  the  decomposition  of  the 
ferrocyanate  is  complete,  the  residue  should  form  a  colourless  solutioD^ 
which  does  not  produce  Prussian  blue  with  a  salt  of  the  peroxide  of 
iron. 

The  hydrocyanate  of  potassa  appears  to  exist  only  in  solution ;  for 
when  evaporated  to  dryness,  it  is  converted  into  cyanuret  of  potas- 
sium, a  compound  which  is  far  less  liable  to  spontaneous  decomposi-- 
tion  than  hydrocyanic  acid,  and  is  capable  of  supporting  a  very  high 
temperature  in  close  vessels  without  change^  It  is  deliquescent,  and 
highly  soluble  in  water.  The  solution  gives  a  green  colour  to  violets, 
and  has  an  alkaline  taste,  accompanied  with  the  flavour  and  a  faint 
odour  of  hydrocyanic  acid.  It  is  decomposed  by  nearly  all  the  acids, 
even  by  the  carbonic,  and  on  this  account  should  be  preserved  in  well 
closed. vessels.  It  acts  upon  the  animal  system  in  the  same  manner 
as  hydrocyanic  acid,  and  MM.  Robiquet  and  Villerm^  have  proposed 
its  employment  in  medical  practice,  as  being  more  uniform  in  strength^ 
and  less  prone  to  decomposition,  than  hydrocyanic  acid.  (Jour,  de 
Physiologic,  vol.  iii.) 

Ferrocyanatea. 

The  neutral  ferrocyanates,  so  far  as  is  known,  appear  to  be  formed 
in  the  same  manner  as  the  salts  of  the  hydmcids  in  general ;  namely, 
the  hydrogen  of  the  acid  is  io  exact  proportion  for  forming  water  with 
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the  oxygen  of  the  Mitfiable  base  with  which  it  is  united.  Thus  ferro« 
cyftnate  of  potassa  is  composed  of  one  equivalent  of  feirocyanle  acid, 
which  contains  two  of  hydrogen,  (page  260)  and  two  equivalents  of 
potassa.  With  the  alkalies  and  alkaline  earths,  this  acid  forms  soluble 
compounds ;  but  it  precipitates  nearly  all  the  salts  of  the  common 
metals,  giving  rise  either  to  the  ferrocyanate  of  an  oxide  or  the  ferro- 
cyanuret  of  a  metal. 

Ferrocyanate  of  Potassa. — ^This  salt,  sometimes  called  tripU  pruS" 
nate  of  potassa,  is  prepared  by  digesting  pure  ferrocyanate  of  the  per- 
oxide of  iron  in  potassa  until  the  alkali  is  neutralized,  by  which  means 
the  peroxide  of  iron  is  set  free,  and  a  yellow  liquid  is  formed,  which 
yields  crystals  of  the  ferrocyanate  of  potassa  by  evaporation.  Tliis 
ealt  is  made  on  a  large  scale  in  the  arts  by  igniting  dried  blood  or  other 
animal  matters,  such  as  hoofs  and  horns,  with  potash  and  iron.  By 
the  mutual  reaction  of  these  substances  at  a  high  temperature,  the 
ferrocyanuret  of  potassium,  consisting  of  one  equivalent  of  the  radical 
of  ferrocyanic  acid,  (page '260,)  and  twp  equivalents  of  potassium,  is 
^renerated.  Such  at  least  is  inferred  to  be  the  product ;  for  on  digest- 
ing the  residue  in  water,  a  solution  of  the  ferrocyanate  of  potassa  is 
obtained. 

Ferrocyanate  of  potassa  is  a  perfectly  neutral  salt,  which  Is  soluble 
in  less  than  its  own  weight  of  water,  and  forms  large  transparent,  four- 
sided  tabular  crystals,  derived  from  an  acute  rhombic  octahedron,  the 
apices  of  which  are  deeply  truncated.  The  colour  of  the  salt  is 
lemon-yellow;  it  is  inodorous,  has  a  slightly  bitter  taste,  but  quite 
different  from  that  of  hydrocyanic  acid,  and  is  permanent  in  the  air. 
When  heated  to  212°  F.  or  even  below  that  temperature,  each  equiv- 
alent of  the  salt  parts  with  three  equivalents  of  water,  leaving  one 
equivalent  of  the  ferrocyanuret  of  potassium.  The  water,  indeed,  is 
disengaged  with  such  facility,  that  Berzelius  regards  the  crystals  as 
consisting  of  the  ferrocyanuret  of  potassium  combined  with  three 
«4uivttieijU  of  water  of  crystallizaHon.  (An.  de  Ch.  et  de  Ph.  vol. 
zv.)  On  heating  the  dry  compound  to  full  redness  in  close  vessels, 
decomposition  takes  place,  nitrogen  gas  is  disengaged,  and  cyanuret 
ef  potassium  mixed  with  carburet  of  iron  remains  in  the  retort.^ 

Very  great  diversity  of  opinion  prevails  iijespecting  the  atomic  con- 
stitution of  this  salt.  There  is  good  reason  to  believe  from  the  exper- 
iments of  Berzelius,  Phillips,  and  others,  that  one  equivalent  of  the 
crystallized  salt  contains  the  following  substances : — 

Cyanogen  .  .  78  or  three  equivalents. 

Potassium  .  80     two  equivalents. 

Iron  .  .  28     one  equivalent. 

Hydrogen  .  •  S     three  equivalents. 

Oxygen  .  .  24     three  equivalents. 

218 

Its  solution  in  water  has  all  the  properties  that  may  be  expected  from 
the  presence  of  ferrocyanic  acid  and  potassa,  and  I  shall  accordingly 
regard  it,  when  in  that  state,  as  containing  both  these  substances.  In 
the  form  of  crystals.  It  is  perhaps  more  simple  to  consider  it  with  Ber- 
zelius as  a  double  cyanuret  of  iron  and  potassium,  with  water  of  crye* 
tallization.  The  reader  will  find  a  discussion  of  this  subject  in  the 
Philosophical  Magazine  and  Annals,  i,  IIQ,  by  Mr  Phillips. 

The  ferrocyanate  of  potassa  is  employed  in  tne  preparation  4)f  several 
compounds  of  cyanogen,  and  as  a  reagent  for  detecting  the  presence 
of  iron  and  other  substances. 
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Ferrocyanate  of  Baryta  is  prepared  by  digesting  pprified  Prussian 
biae  with  a  solution  of  pure  baryta.  It  is  soluble  in  water,  and  forms 
yellow  crystals  by  evaporation.  It  is  used  in  the  formation  of  ferrocy- 
anic  acid. 

When  ferrocyanate  of  potassa  is  mixed  in  solution  with  a  salt  of  lead, 
a  white  precipitate  subsides,  which  Berzelius  has  proved  to  be  similar 
in  composition  to  the  ferrocyanuret  of  potassium,  consisting  of  one 
equivalent  of  the  radical  of  ferrocyanic  acid,  and  two  equivalents  of  lead. 
With  salts  of  mercury  and  silver,  analogous  compounds,  likewise  of  a 
white  colour,  are  generated.  With  a  per-salt  of  copper,  the  ferrocya- 
nate of  potassa  causes  a  brownish- red  precipitate,  which  appears  to  be 
the  ferrocyanate  of  the  peroxide  of  copper. 

Ferrocyanate  of  the  peroxide  of  iron,  which  is  formed  by  mixing 
ferrocyanate  of  potassa  with  a  per-salt  of  iron  in  slight  excess,  and 
washing  the  precipitate  with  water,  is  characterized  by  an  intensely 
deep  blue  colour,  and  is  the  basis  of  the  beautiful  pigment  called 
Prussian  blue.  It  is  insipid  and  inodorous,  insoluble  in  water,  and  is 
not  decomposed  by  dilute  muriatic  or  sulphuric  acid.  Concentrated 
muriatic  acid,  by  the  aid  of  heat,  separates  the  acid,  and  strong  suU 
phuric  acid  renders  it  white — a  change,  the  nature  of  which  has  not 
been  explained.  The  alkalies  and  alkaline  earths  decompose  it  rea- 
dily, uniting  with  the  fenocyanic  acid  and  separating  the  peroxide  of 
iron.  The  peroxide  of  mercury,  as  already  mentioned,  (page  360)  ef- 
fects the  complete  decomposition  of  the  salt,  forming  bicyanuret  of 
mercury.  Very  complicated  changes  are  produced  by  an  elevated 
temperature.  On  heating  the  ferrocyanate  to  redness  in  a  close  ves- 
sel, a  considerable  quantity  of  water  and  carbonate  of  ammonia,  to- 
gether with  a  small  portio^  of  hydrocyanate  of  ammonia,  are  generat- 
ed; while  a  carburet  of  iron  remains  in  the  retort — phenomena  which, 
in  conjunction  with  the  facts  above  stated,  leave  no  doubt  of  this  com- 
pound containing  ferrocyanic  acid  and  peroxide  of  iron.  The  p/ecise  pro- 
portion of  its  constituents  has  not  been  satisfactorily  determined ;  but  it 
most  probably  consists  of  one  equivalent  of  the  peroxide,  and  an  equiv- 
alent and  a  half  of  the  acid*. 

Prussian  blue,  the  discovery  of  which  was  made  in  1710,  has  been 
studied  by  several  chemists,  especially  by  Proust,  (An.  de  Chimie, 
Ix.)  and  by  Berzelius,  Porrett,  and  Robiquet,  to  whose  essays  I  re- 
ferred while  describing  the  ferrocyanic  acid.  The  colouring  matter  of 
this  pigment  is  ferrocyanate  of  the  peroxide  of  iron,  which  is  mixed 
with  alumina  and  peroxide  of  iron,  together  with  the  subsulphates 
of  one  or  both  of  those  bases.  It  is  prepared  by  heating  to  redness 
dried  blood,  or  other  animal  matters,  with  an  equal  weight  of  pearlasb. 


^  *  In  this  statement,  Dr  Turner  does  not  appear  to  have  adverted 
to  the  fact  that  ferrocyanic  acid  contains  two  equivalents  of  hydrogen. 
It  is  altogether  probable,  that  in  Prussian  blue,  the'  acid  and  base 
are  united  in  such  proportions,  that  the  hydrogen  of  the  former  and 
the  oxygen  of  the  latter  are  in  the  proper  ratio  to  form  water.  Now 
one  equivalent  of  peroxide  of  iron  contains  an  equivalent  and  a  half 
of  oxygen,  and  it  would  require  three-fourths  of  an  equivalent  of  th« 
acid,  supposing  it  to  unite  with  a  quantity  of  the  latter,  containing  an 
equivalent  and  a  half  of  Jiydrogen.  Doubling  these  quantities,  the 
probable  proportions  would  be,  two  equivalents  of  peroxide  of  iroo» 
and  an  equivalent  and  a  half  of  the  acid.  B. 
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untn  the  mixture  has  acqaired  a  pasty  eoi^ststence.  The  residue, 
which  consists  chiefly  of  cyanuret  of  potassium  and  carbonate  of 
potassa,  is  dissolved  in  water,  and  after  being  filtered.  Is  mixed  with 
a  solution  of  two  parts  of  alum  and  one  part  of  the  protosulphate  of 
Iron.  A  dirty  greenish  precipitate  ensues,  which  absorbs  oxygen 
from  the  atmosphere,  and  passes  through  different  shades  of  green 
and  blue,  until  at  length  it  acquires  the  proper  colour  of  the  pigment. 

The  chemical  changes  which  take  place  in  this  process  are  of  a 
complicated  nature.  The  precipitate,  which  is  at  first  thrown  down, 
is  occasioned  by  the  potassa,  and  consists  chiefly  of  alumina  and  the 
protoxide  of  iron.  The  ferrocyanic  acid  is  generated  by  the  protoxide 
reacting  upon  some  of  the  hydrocyanic  acid,  so  as  to  form  water  and 
cyanuret  of  iron,  the  latter  of  which  then  unites  with  andecomposed 
hydrocyanic  acid.  The  ferrocyanic  acid,  thus  produced,  combine* 
with  oxide  of  iron ;  and  when  the  latter  has  attained  its  maximum  of 
oxidation,  the  compound  acquires  its  characteristic  blue  tint.  Dr 
Thomson,  knowine  the  protoxide  to  be  necessary  to  the  success  of 
the  operation,  concludes  that  this  oxide  enters  into  the  composition  of 
Prussian  blue  ;  bat  here^this  acute  chemist  is  certainly  in  error.  The 
only  use  of  the  protoxide  of  iron  is  to  convert  the  hydrocyanic  into 
ferrocyanic  acid ;  a  purpose  for  which  its  presence  is  essential, 'be- 
cause the  peroxide  of  iron  does  not  produce  this  efiect,  or  at  least  in  a 
very  slow  and  imperfect  manner.  In  every  good  specimen  of  Prussian 
blue  which  I  have  examined,  the  ferrocyanic  acid  was  in  combination 
with  the  peroxide  of  iron  only. 

Sulphocyanates. — The  salts  of  sulphocyanic  acid  have  been  chiefly- 
studied  by  Mr  Porrett  and  B6rzelius.  The  sulphocyanate  of  potassa, 
which  is  the  most  interesting  and  the  best  known  of  these  com- 
pounds, is  prepared  by  heating  ferrocyanate  of  pof  assa  with  sulphur, 
a  process  first  proposed  by  Grotthus,  and  since  modified  by  M.  Vogel 
and  myself.  The  most  convenient  method  of  performing  it  is  to  mix 
the  ferrocyanate,  in  fine  powder,  with  an  equal  weight  of  sulphur,  and 
to  place  the  mixture,  contained  in  a  porcelain  capsule,  just  above  a 

Ean  of  burning  charcoal,  so  that  it  may  be  exposed  to  a  very  strong 
eat,  but  short  of  redness.  The  mixture  is  speedily  fused,  takes  fire, 
and  burns  briskly  for  one  or  two  minutes,  during  which  it  should  be 
well  stirred.  The  combustion  then  ceases  spontaneously,  and  the 
dark  coloured  residue,  consisting  of  unbumed  sulphur,  sulphocyanuret 
of  potassium,  and  sulphuret  of  iron,  on  being  dissolved  in  water  and 
filtered,  yields  a  very  pure  and  neutral  sulphocyanate  of  potassa.  To 
insure  the  decomposition  of  all  the  ferrocyanate  of  potassa,  the  mass 
may  be  allowed  to  remain  in  a  fused  condition  for  a  few  minutes  after 
the  combustion  has  ceased,  previous  to  withdrawing  it  from  the  fire. 

In  this  process  the  iron  and  cyanogen  of  the  ferrocyanate  combine 
with  separate  portions  of  sulphur,  forming  a  sulphuret  of  iron  and  a 
bisulphuret  of  cyanogen,  the  latter  of  which  unites  with  potassium.  ^ 
On  the  addition  of  water,  a  portion  of  that  liquid  is  decomposed,  and 
sulphocyanate  of  potassa  is  generated. 

Sulphocyanate  of  potassa  (and  most  of  the  salts  of  this  group  ha^e 
probably  a  similar  constitution,)  contains  one  equivalent  of  the  acid, 
and  one  equivalent  of  the  oxide ;  so  that  the  oxygen  and  hydrogen 
are  In  due  proportion  for  the  production  of  water.  This  salt,  indeed, 
exists  only  in  a  liquid  state ;  for  the  crystals  which  are  deposited 
from  a  toncpntrated  solution,  when  separated  from  the  adhering 
Qoiftare  by  bibulous  paper,  do  not  contain  either  water  or  its  ele- 
~'  '  at  are  a  pure  sulphocyanuret  of  potassium.    The  crystals  are 
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very  deliquescent  on  exposnre  to  the  air,  and  dissolve  freely  in  water, 
yieldin{(  a  solution  which  is  quite  neutral.  In  form,  taste,  and  fusi- 
bility, they  are  very  analogous  to  nitre. 

The  sulphocyanate  of  potassa  is  employed  in  preparing  sulphocy- 
anic  acid,  and  as  a  test  for  detectil^  the  presence  of  the  peroxide  of 
iron. 
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PART  III. 


OJV  0ROJ3UVIC  CHEMISTRY. 

THE  department  of  organic  chemistry  comprehends  the  history  of 
those  compounds  which  are  solely  of  animal  or  vegetable  oripn, 
and  which  are  hence  called  organic  substances.  These  bodies,  viewed 
collectively,  form  a  remarkable  contrast  with  those  of  the  mineral 
^ngdom.  Such  substances  in  general  ate  characterized  by  contain- 
ing some  principle  peculiar  to  each.  Thus  the  presence  of  nitrogen 
in  the  nitric,  and  of  sulphur  in  the  sulphuric  acid,  establishes  a  wide 
distinction  between  these  substances ;  and  although  in  many  instan- 
ces two  or  more  inorganic  bodies  consist  of  the  same  elements,  as  Is 
exemplified  by  the  compounds  of  sulphur  and  oxygen,  or  of  nitrogen 
and  oxygen,  they  are  always  few  in  number,  and  distinguished  by  a 
well-marked  difference  in  the  proportion  in  which  they  are  united. 
The  products  of  animal  and  vegetable  life,  on  the  contrary,  consist 
essentially  of  the  same  elementary  principles,  the  number  of  which  is 
very  limited.  They  are  neariy  all  composed  of  carbon,  hydrogen, 
and  oxygen,  in  iiddition  to  which  some  of  them  contain  nitrogen. 
Besides  these,  portions  of  phosphorus,  sulphur,  iron,  silica,  potassa, 
lime,  and  other  substances  of  a  like  nature,  may  sometimes  be  detect- 
ed ;  but  their  quantity  is  exceedingly  minute,  when  compared  with 
the  principles  above  mentioned.  In  point  of  composition,  therefore, 
most  organic  substances  differ  only  in  the  proportion  of  their  con- 
stituents, and  on  this  account  may  not  unfrequently  be  converted 
into  one  another. 

The  constitution  of  organic  bodies  is  subject  to  the  general  laws  of 
chemical  union  ;  but  chemists  are  not  agreed  as  to  the  mode  in  which 
they  conceive  the  elements  to  be  combined.  Berzelius,  for  instance, 
is  of  opinion  that  the  elements  of  organic  substances  do  not  form 
binary^  compounds  in  the  same  manner  as  the  constituents  of  inorganic 
bodies,  (Page  375),  but  are  united  indiscriminately  with  one  another. 
Thus  alcohol,  which  consists  of  three  equivalents  of  hydrogen,  one  of 
oxygen,  and  two  of  carbon,  is  supposed  by  that  chemist  to  consist  of 
all  uese  six  equivalents,  combined  directly  with  each  other,  the  oxy- 

fen  belonging  as  much  to  the  carbon  as  to  the  hydrogen.  (Annals  of 
Philosophy,  vol.  iv.)  This  opinion,  however,  is  not  universa^y  adopted. 
Gay-Lussac,  for  instance,  regards  alcohol  as  a  compound  of  olefianteas 
and  water,  a  view  which  is  not  only  justified  by  the  number  of  equiv- 
alents contained  in  that  compound,  but  which,  as  I  conceive,  har- 
monizes with  the  constitution  of  other  bodies  better  than  that  of 
Berzelius.  It  may,  therefore,  be  admitted  as  probable,  that  the  ele- 
ments of  organic  substances  are  arranged  in  a  similar  manner. 


On  Organic  Chemistry.  423 

Organic  subsUoceB.  owing  to  the  eneiigetic  affinities  with  which 
their  elements  are  endowed,  are  very  prone  to  spontaneous  decom- 
position. The  prevailing  tendency  of  carbon  and  hydrogen  is  to 
appropriate  to  themselves  so  much  oxygen  as  shall  convert  them  into 
carbonic  acid  and  water ;  and  hence,  in  whatever  manner  these  three 
elements  may  be  mutually  combined  in  a  vegetable  substance,  they 
are  always  disposed  to  resolve  themselves  into  the  compounds  just  • 
mentioned.  If  at  the  time  this  change  occurs  there  is  an  insufficient 
supply  of  oxygen  to  oxidize  the  hydrogen  and  carbon  completely, 
then  in  addition  to  carbonic  acid  and  water,  carbonic  oxide  and  car- 
buretted  hydrogen  gases  will  probably  be  generated.  One  or  both 
of  these  combustible  products  must  in  every  case  be  formed,  except 
when  oxygen  is  freely  supplied  from  extraneous  sources ;  because 
organic  bodies  are  so  constituted,  that  their  oxygen  is  never  in  suffi- 
cient quantity  for  converting  the  carbon  into  carbonic  acid,  and  the 
hydrogen  into  water. 

If  substances  composed  of  oxygen,  hydrogen,  and  carbon,  are  Hable 
to  spontaneous  decomposition,  that  tendency  becomes  much  stronger, 
when,  in  addition  to  these  elements,  nitrogen  is  annexed.  Other  and 
powerful  affinities  are  then  superadded  to  those  above  enumerated, 
and  especially  that  of  hydrogen  for  nitrogen.  A  body  which  contains 
these  principles  is  peculiarly  liable  ^  change,  and  the  usual  products 
are  water,  carbonic  acid,  and  ammonia,  the  two  latter,  having  a  strong 
attraction  for  each  other,  being  always  in  combination. 

Another  circumstance  which  is  characteristic  of  organic  products  is 
the  impracticability  of  foiming  them  artificially  by  direct  union  of  theii  - 
elements.  Thus  no  chemist  has  hitherto  succeeded  in  causing  oxy- 
gen, hydrogen,  and  carbon  to  unite  directly  so  as  to  form  gum  or  susar. 
When  these  principles  are  made  to  combine  by  chemical  means,  they 
always  give  rise  to  the  production  of  water  and  carbonic  acid. 

Animal,  and  vegetable  substances  are  all  decomposed  by  a  red  heat, 
and  nearly  all  are  partially  affected  by  a  temperature  far  below  ignition. 
When  heated  in  the  open  air,  or  with  substances  which  yield  oxygen 
freely,  they  burn,  and  are  converted  into  water  and  carbonic  acid ;  but 
if  exposed  to  heat  in  vessels  from  which  atmospheric  air  is  excluded, 
very  complicated  products  ensue.  A  compound,  consisting  of  carbon, 
hydrogen,  and  oxygen,  yields  water,  carbonic  acid,  carbonic  oxide, 
carburetted  hydrogen  of  various  kinds,  and  probably  pure  hydrogen. 
Besides  these  products,  some  acetic  acid  is  commonly  generated,  to- 
gether with  a  volatile  oil  which  has  a  dark  colour  and  burnt  odour, 
and  is  hence  called  empyreumatic  oil.  An  azotized  substance,  in  ad- 
dition to  these,  yields  ammonia,  cyanogen,  and  probably  free  nitrogen. 

From  the  foregoing  remarks,  it  appears  that  organic  products  are 
characterized  by  the  following  circumstances: — 1st,  by  being  com- 
posed of  the  same  elements;  2d,  by  the  facility  with  which  they  un- 
dergo spontaneous  decomposition ;  3d,  by  the  impracticability  of  form- 
ing them  by  the  direct  union  of  their  principles ;  and,  4th,  by  beiug 
decomposed  at  a  red  heat. 

Vegetable  Chemistry. 

All  bodies  which  are  of  vegetable  origin  are  termed  vegetable  sub- 
stances. They  are  nearly  all  composed  of  oxygen,  hydrogen,  and  carw 
bon,  and  in  a  few  of  them  nitrogen  is  likewise  present.  Every  distinct 
compound  which  exists  ready  formed  in  plants,  is  called  a  proximate 
or  immediate  principle  of  vegetables.  Thus  sugar,  starch,  and  gum 
are  proximate  principles.    Opium,  though  obtained  from  a  plant,  is  not 
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a  proximate  principle;  bot  consists  of  several  proximate  principles, 
mixed  more  or  less  intimately  with  one  another. 

The  proximate  principles  of  vegetables  are  sometimes  distribated 
over  the  whole  plant,  while  at  others  they  are  confined  to  a  particular 
part.  The  methods  by  which  they  are  procured  are  very  variable. 
Thus  gum  exudes  spontaneously,  and  the  saccharine  juice  of  the  maple 
tree  is  obtained  by  incisions  made  in  the  bark.  In  some  cases  a  par- 
ticular principle  is  mixed  with  such  a  variety  of  others,  that  a  distinct 
process  is  required  for  its  separation.  .Of  such  processes  consists  the 
proximate  analysis  of  vegetables.  Sometimes  a  substance  is  sepa- 
rated by  mechanical  means,  as  in  the  preparation  of  starch.  On  other 
occasions,  advantage  is  taken  of  the  volatility  of  a  compound,  or  of  its 
solubility  in  some  particular  menstruum.  Whatever  method  is  em- 
ployed, it  should  be  of  such  a  nature  as  to  occasion  no  change  in  the 
composition  of  the  body  to  be  prepared. 

The  reduction  of  the  proximate  principles  into  their  simplest  parts, 
constitutes  their  tUHmate  analyns.  By  this  means  chemists  ascertain 
the  quantity  of  oxygen,  carbon,  and  hydrogen,  present  In  any  com- 
pound. The  former  method  of  performing  this  operation  was  by  what 
is  termed  desiruetive  distillation  ;  that  is,  by  exposing  the  compounds 
to  a  red  heat  in  close  vessels,  and  collecting  all  the  products.  So 
many  different  substances,  however,  are  procured  in  this  way,  such 
OS  water,  carbonic  acid,  carbonic  o;cide,  carburetted  hydrogen,  and  the 
like,  that  it  is  almost  impossible  to  arrive  at  a  satisfactory  conclusion. 
A  more  simple  and  effectual  method  was  proposed  by  (xay-Lussac  and 
Thenard,  in  the  second  volume  of  their  celebrated  Reeherehes  Phy^ 
sicO'  Chimiques,  The  object  of  their  process,  which  is  applicable  to 
the  ultimate  analysis  of  animal,  as  well  as  vegetable  substances,  is  to 
convert  the  whole  of  the  carbon  into  carbonic  acid,  and  the  hydrogen 
into  water,  by  means  of  some  compound  which  contains  oxygen  in  so 
loose  a  state  of  combination,  as  to  give  it  up  to  those  elements  at  a 
red  heat. 

The  agent  first  employed  by  these  chemists  was  chlorate  of  poiassa. 
This  substance,  however,  is  liable  to  the  objection  that  it  not  only 
gives  oxygen  to  the  substance  to  be  analyzed,  but  is  itself  decom- 
posed by  neat.  On  this  account  it  is  now  very  rarely  employed  in 
ultimate  analysis,  the  peroxide  of  copper,  likewise  proposed  by  Gay- 
Lussac  and  Thenard,  having  been  substituted  for  it.  This  oxide,  if 
alone,  may  be  heated  to  -vhiteness  without  parting  with  oxygen  ; 
whereas  it  yields  oxygen  readily  to  any  combustible  substance  with 
which  it  is  ignited.  It  is  easy,  therefore,  by  weighing  it  before  and 
after  the  analysis,  to  discover  the  precise  quantity  of  oxygen  which 
has  entered  into  union  with  the  carbon  and  hydrogen  of  the  sub- 
stance submitted  to  examination. 

The  ultimate  analysis  of  organic  bodies  is  one  of  the  most  delicate 
operations  with  which  the  analytical  chemist  can  be  engaged.  The 
diief  cause  of  uncertainty  in  the  process  arises  from  the  presence  of 
moisture,"  which  is  retained  by  some  animal  and.  vegetable  substances 
with  such  force  that  it  can  be  expelled  only  by  a  temperature  which 
endangers  the- decomposition  of  the  compound  itself.  The  best 
mode  of  drying  organic  matters  for  the  purpose,  is  by  confining  them 
with  sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump,  and 
exposing  them  at  the  same  time  to  a  temperature  of  212°  F,^ — a  me- 
tbod'  adopted  by  Berzelius,  and  for  which  a  neat  apparatus  Has  been 
described  by  Dr  Prout.  (Annals  of  Philosophy,  vol.  vi.  p.  272.) 
Another  source  of  difficulty  is  occasioned  by  atmospheric  air  within 
the  apparatus,  owin^  to  tbe  presence  of  which  nitrogen  may  be  de- 
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tected  in  the  productSy  without  having  been  contained  in  the  sub- 
stance analyzed. 

But  though  the  ultimate  analysis  of  organic  substances  is  difficult 
in  practice,  in  theory  it  is  exceedingly  simple.  It  consists  in  mixing 
three  or  four  grains  of  the  body  to  be  analyzed  with  about  two*hun- 
dred  grains  ofthe  peroxide  of  copper,  heating  the  mixture  to  redness  in 
a  glass  tube,  and  collecting  the  gaseous  prcKlucts  in  a  graduated  glass 
jar  over  mercury.  From  the  quantity  of  carbonic  acid  procured  by 
measure,  its  weight  may  readily  be  inferred;  (page  173) ;  and  from 
this,  the  quantity  of  carbonaceous  matter  is  calculated,  by  recollect- 
ing that  every  22  grains  of  the  acid  contain  16  of  oxygen  and  6  of 
carbon. 

In  order  tb  ascertain  the  quantity  of  hydrogen,  the  gaseous  pro- 
ducts are  transmitted  through  a  tube  filled  with  fragments  of  fused 
chloride  of  calcium,  which  absorbs  all  the  watery  vapour ;  and  byJts 
increase  in  weight  indicates  the  precise  quantity  of  that  fluid  generat- 
ed. Every  9  grains  of  water  thus  collected  correspond  to  1  grain  of 
hydrogen  and  8  of  oxygen. 

If  the  quantity  of  oxygen  contained  in  the  carbonic  acid  and  water 
corresponds  precisely  to  that  lost  by  the  oxide  of  copper,  it  follows 
that  the  organic  substance  itself  was  free  from  oxyeen.  But  if,  on 
the  other  hand,  more  oxygen  exists  in  the  products  man  was  lost  by 
the  copper,  it  is  obvious  that  the  difference  indicates  the  amount  of 
oxysen  contained  in  the  subject  of  analysis. 

If  nitrogen  enters  into  the  constitution  of  the  organic  substance,  it 
will  pass  over  in  the  gaseous  state,  mixed  with  carbonic  acid.  Its 
quantity  may  be  ascertained  by  removing  the  carbonic  acid  by  means 
of  a  solution  of  pure  potassa. 

It  need  scarcely  be  observed,  that  if  the  analysis  has  been  success- 
fully performed,  the  weight  of  the  different  products,  added  together, 
should  make  up  the  exact  weight  of  the  organic  substance  employed. 

In  analyzing  an  animal  or  vegetable  fluid,  the  foregoing  process 
will  require  a  slight  modification.  If  the  fluid  is  of  a  fixed  nature,  it 
may  be  made  into  a  paste  with  the  oxide  of  copper,  and  heated  in  the 
usual  manner.  But  if  it  Is  volatile,  a  given  weight  of  Its  vapour  is 
conducted  over  the  peroxide  of  copper  heated  to  redness  in  a  glass 
tube. 

The  constitution  of  vegetable  substances  is  not  yet  sufficiently 
known  to  admit  of  their  being  classified  in  a  purely  scientific  order. 
The  chief  data  hitherto  furnished  towards  formings  systematic  arrange 
ment,  are  derived  from  a  remarkable  agreement  oetween  the  composi- 
tion and  general  properties  of  several  vegetable  compounds,  first 
noticed  by  Gay-Lussac  and  Thenard.  (Recherches,  vol.  ii.)  From 
the  ultimate  analysis  of  a  considerable  variety  of  proximate  princ^ 
pies,  these  chemists  draw  the  three  following  conclusions : — Xst,  A 
vegetable  substance  is  always  acid,  when  it  contains  more  than  a 
sufficient  quantity  of  oxygen  for  converting  all  its  hydrogen  into 
water ;  2dly,  It  is  always  resinous,  oily,  or  alcoholic,  kc,  when  it 
contains  less  than  a  sufficient  quantity  of  oxygen  for  combining  with 
the  hydrogen ;  and  3dly,  it  is  neither  acid  nor  resinous,  but  in  a  state 
analogous  to  sugar*  gum.  starch,  or  the  woody  fibre,  when  the  oxy- 
een  and  hydrogen,  whicnit  contains,  are  in  the  exact  proportion  for 
forming  water.  These  laws,  indeed,  are  not  rigidly  exact,  nor  do  they 
include  the  vegetable  products  containing  nitrogen  ;  but  for  want  of  a 
better  principle  of  classification,  I  shall  follow  M.  Thenard  in  making 
them,  to  a  certain  extent,  the  basis  of  my  arrangement.  I  shall  ac- 
cordingly arrange  the  proximate  principles  of  plants  in  five  divisions. 
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The  first  includes  the  vegetsble  adds;  the  second  the  vegetable 
alkalies ;  the  third  comprises  those  substances  which  contain  an  ex- 
cess of  hydrogen ;  the  fourth  includes  those,  the  oxygen  and  hydro- 
gen of  which  are  in  proportion  for  forming  water;  and  the  fifth  com- 
prehends those  bodies  which,  so  far  as  is  luiown»  do  not  belong  to 
either  of  the  other  divisions. 


SECTION  I. 

VEGETABLE  ACIDS, 

Those  compounds  are  regarded  as  vegetable  acids  which  possess 
the  properties  of  an  acid,  and  are  derived  from  the  vegetable  kingdom. 
These  acids,  like  all  organic  principles,  aie  decomposed  by  a  red  heat. ' 
They  are  in  general  less  jiable  to  spontaneous  decomposition  than 
other  vegetable  substances ;  a  circumstance  which  probably  arises 
from  the  large  proportion  of  oxygen  which  they  contain.  They  are 
neariy  all  decomposed  by  concentrated  hot  nitric  acid,  by  which  they 
are  converted  into  carbonic  acid  and  water. 

Acetic  Acid. 

The  acetic  acid  exists  ready  formed  in  the  sap  of  many  plants,  either 
free  or  combined  with  lime  or  potassa ;  it  is  generated  during  the 
destructive  distillation  of  vegetable  matter,  and  is  an  abundant  pro- 
duct of  the  acetous  fermentation. 

Common  vinegar,  the  acidifying  principle  of  which  is  acetic  acid, 
is  commonly  prepared  in  this  country  by  fermentation  from  an  infusion 
of  malt,  and  in  France  from  the  same  process  taking  place  in  weak 
^  wine.  Vjnegar,  thus  obtained,  is  a  very  impure  acetic  acid,  contain- 
ing the  saccharine,  mucilaginous,  and  other  matters,  existing  in  the 
fluid  from  which  it  is  prepared.  It  is  separated  from  these  impurities 
by  distillation.  Distilled  vinegar  was  formerly  called  acetous  add^ 
on  the  supposition  of  its  diflferiDg  chemically  from  strong  acetic  acid ; 
but  it  is  now  admitted  that  distilled  vinegar  is  real  acetic  acid  merely 
diluted  with  water,  and  commonly  containing  a  small  portion  of  em- 
pyreumatic  oil,  formed  during  the  distillation,  and  from  which  it  re- 
ceives a  peculiar  flavour.  It  may  be  rendered  stronger  by  exposure 
to  cold,  when  a  considerable^part  of  the  water  is  frozen,  while  the  acid 
remains  liquid. 

The  distilled  vinegar,  which  is  now  generally  employed  for  chemical 
'  purposes,  is  prepared  by  the  distillation  of  wood,  and  is  sold  under  die 
name  of  pyroli^neotu  acid.  When  first  made  it  is  very  impure,  and 
of  a  dark  colour,  holding  in  solution  tar  and  volatile  oil ;  but  it  may 
be  purified,  at  least  in  part,  by  digestion  with  animal  charcoal  and  a 
second  distillation,  or  by  filtration  through  animal  charcoal.  '  The 
method  employed  for  purifying  it  at  Gla%ow,  where  it  is  made  in 
large  quantity,  has  not  to  my  knowledge  been  made  public. 

Concentrated  acetic  acid  is  best  obtained  by  decomposing  the  ace- 
tates, either  by  sulphuric  acid,  or  in  some  instances  by  heat.  A  eon- 
venient  process  Is  to  distil  acetate  of  potassa  with  half  its  weight .  of 
concentrated  sulphuric  acid,  the  recipient  being  kept  cool  by  the 
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application  of  ice.  The  acid  is  at  first  contaminated  witli  sulphurous 
acid  ;  but  by  mijcing  it  with  a  little  peroxide  of  manganese,  and  re^ 
distilling,  it  is  rendered  quite  pure.  A  strong  acid  may  likewise  \m  ' 
procured  from  the  binacetate  of  copper  by  the  sole  action  of  heaU 
The  acid  when  first  collected  has  a  greenish  tint,  owing  to  the  pre- 
sence of  copper,  from  which  it  is  freed  by  a  second  distillation.  The 
density  of  the  product  varies  from  1.056  to  1.08,  the  lightest  acid 
being  procured  towards  the  end  of  the  process.  MM.  Derosnea, 
indeed,  have  remarked  that  the  liquid  which  passes  over  towards  U»9 
end  of  the  process  is  lighter  than  water,  and  contains  very  little  acetie 
acid.  On  neutralizing  the  latter  with  pure  solid  potassa,  and  distilling 
by  a  gentle  heat,  they  procured  an  ethereal  fluid,  to  which  they  ap- 
plied the  term  of  pyro-^acetie  ether. 

Strong  acetic  acid  is  exceedingly  pungent,  and  even  raises  a  blister 
when  kept  for  some  time  in  contact  wit^  the  skin.  It  has  a  very  sour 
<  taste  and  an  agreeable  refreshing  odour.  Its  acidity  is  well  marked* 
as  it  reddens  litmus  paper  powerfully,  and  forms'neutral  salts  with  the 
alkalies.  It  is  exceedingly  volatile,  rising  rapidly  in  vapour  at  a  mo« 
derate  temperature  without  undergoing  any  change.  Its  vapour  is 
inflammable,  and  bums  with  a  white  light.  In  its  most  concentrated 
form,  it  is  a  definite  compound  of  one  Equivalent  of  water,  and  ono 
equivalent  of  acid ;  and  in  this  state  it  crystallizes  when  exposed  to'a 
low  temperature,  retaining  its  solidity  until  the  thermometer  rises  to 
50°  F.  It  is  decomposed  "by  being  passed  through  red-hot  tubes ;  but 
'  owing  to  its  volatility,  a  large  quantity  of  it  escapes  decomposition. 

Dr  Prout*  has  established  the  singular  fact,  relative  to  the  consti- 
tution of  this  acid,  that  its  oxygen  and  hydrogen  are  in  exact  propor- 
tion to  form  waterf,  and  that  it  contains  47.05  per  cent  of  carbon.  It 
may  hence  be  inferred^o  consist  of  24  parts  or  four  equivalents  of  car- 
bon, 24  parts  or  three  equivalents  of  oxygen,  and  3  of  hydrogen. 
This  would  make  the  combining  proportion  of  acetic  acid  51,  instead 
of  60  as  stated  -by  Dr  Thomson. 

The  only  correct  mode  of  estimating  the  strength  of  acetic  acid  is 
by  its  neutralizing  power.  Its  specific  gravity  is  no  criterion,  as  will 
appear  from  the  following  table.  (Thomson's  First  Principles,  vol.  ii. 
p.  135.) 

Table  exhibiting  the  Density  of  Acetic  Acid  of  different  Strengths. 

Add.  Water.  Sp,  gr.  at  60*'  F. 

I  atom  +    1  atom  .        .        .        1.06296 

1  +2  ...         1.07060 

1  -f .  3  ...         1.07084 

1  +4  ...         1.07182 

1  +5  ...        1.06820 


t 


1  +6  ...  1.06708 

1  +7  ...  1.06349 

1  +     8  .         .         .  1.05974 

1  +9  ...  1.05794 

1  +10  ...  1.05439 


•  Philosophical  Transactions  for  1827,  p.  355. 

-f  Gay-Lussac  and  Tbenard  established  this  tact  as  nearly  as  possible, 
by  their  analysis  of  acetic  acid,  reported  in,  their  JReeherches  Physic^' 
Chimiques,  The  proportions  of  oxygen  and  hydrogen  which  they 
obtained  are  very  nearly  in  the  ratio  to  form  water.  It  Is  true  that 
Thenard  in  his  Traite  gives  the  oxygen  as  if  in  excess ;  but  this  stat^- 
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The  acetic  is  distiDeuisbed  from  all  other  acids  by  its  flavour,  odour» 
and  voIatiUty.  Its  salts,  which  are  called  aeetatest  are  all  solable  in 
hot  and  most  of  them  io  cold  water,  are  destroyed  by  a  high  temper- 
ature, and  are  decomposed  by  sulphuric  acid. 

Acetate  ofPotassa. — This  salt  is  made  by  oeatraliziog  carbonate  of 
potassa  with  acetic  acid,  or  by  decomposing  acetate  of  lime  with  sul- 
phate of  potassa.  When  cautiously  evaporated,  it  forms  irregular  crys- 
tals, which  are  obtained  with  difficulty,  owing  to  the  deliquescent  pro- 
perty of  the  salt.  According  to  Dr  Thomson,  the  crystals  are  composed 
of  one  equivalent  of  the  neutral  acetate  of  potassa,  and  two  equivalents 
of  water.  It  is  commonly  prepared  for  pharmaceutic  purposes  by  eva- 
porating the  solution  to  dryness,  and  heating  the  residue  so  as  to  cause 
the  igneous  fusion.  On  cooling  it  becomes  a  white  crystalline  foliated 
mass,  which  is  generally  alkaline. 

This  salt  is  highly  soluble  in  water,  and  requires  twice  its  weight  of 
boiling  alcohol  for  solution. 

Dr  Thomson  procured  a  binacetate  by  mixing  acetic  acid  and  car- 
bonate of  potassa  in  the  proportion  of  two  equivalents  of  the  former 
to  one  of  the  latter.  On  confining  the  solution  along  with  sulphuric 
acid  under  the  exhausted  receiver  of  an  air-pump,  the  binacetate  was 
deposited  in  large  transparent  flat  plates.  The  crystals  contain  six 
equivalents  of  water,  and  deliquesce  rapidly  on  exposure  to  the  air. 

Acetate  of  Soda  is  prepared  in  large  quantity  by  manufacturers  of 
pyroligneous  acid  by  neutralizing  the  impure  acid  with  chalk,  and 
then  decomposing  the  acetate  of  lime  by  sulphate  of  soda.  It  crys- 
tallizes readily  by  gentle  evaporation,  and  its  crystals,  which  are  not 
deliquescent,  are  composed  of  50  parts  or  one  equivalent  of  acetic 
acid,  82  parts  or  one  equivalent  of  soda,  and  54  parts  or  six  equivalents 
of  water.  (Kerzelius  and  Thomson.)  The  form  of  its  crystals  is  very 
complicated,  and  derived  from  an  oblique  rhombic  prism.  (Brooke.) 
When  heated  to  550°  F,  it  is  deprived  of  its  water,  and  undergoes  the 
igneous  fusion  without  parting  with  any  of  its  acid.  At  600°  F.  de- 
composition takes'  place. 

Acetate  of  soda  is  much  employed  for  the  preparation  of  concen- 
trated acetic  acid. 

Jieetate  of  jJmmonia  is  made  by  neutralizing  the  common  carbo- 
nate of  ammonia  with  acetic  acid.  It  crystallizes  with  difficulty  in 
consequence  of  being  deliquescent  and  highly  soluble.  It  has  been 
long  used  in  medicine  as  a  febrifuge  under  the  name  of  spirit  ofJUin' 
dererus. 

The  acetates  afbarytat  strontiot  and  lime  are  of  little  importance. 
The  former,  which  is  occasionally  employed  as  a  reagent,  crystallizes 
in  irre^lar  six-sided  prisms  terminated  by  dihedral  summits,  the  pri- 
mary iorm  of  which  is  a  right  rhomboidal  prism.  The  latter  crystalli- 
zes in  very  slender  acicular  crystals  of  a  silky  lustre,  and  is  chiefly 
employed  in  the  preparation  of  the  acetate  of  soda. 

Acetate  of  alumina  is  formed  by  adding  acetate  of  lead  to  sulphate 
of  alumina,  when  the  sulphate  of  lead  subsides  and  the  acetate  of 
alumina  remains  in  solution.  It  is  used  by  Dyers  and  Calico-printers 
as  a  basis  or  mordant. 

Jicetate  of  Lead. — This  salt,  long  known  by  the  names  of  sugar  of 


ment  is  evidently  made  up'in  accordance  with  a  former  ratio  for  the 
composition  of  water,  which  is  not  at  present  admitted  by  the  French 
chemist  himself.  Thenard,  Traite  de  ChinUe,  6hme  edition,  tome 
Hi,pr69S.  B. 
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lead  (sauharum  Satumi)  and  certusa  aCetatat  is  made  by  dissolving 
either  carbonate  of  lead  or  litharge  in  distilled  vinegar,  fhe  solation 
has  a  sweet,  succeeded  by  an  astringent  taste,  does  not  redden  litmas 
paper,  and  deposites  shining  acicular  crystals  by  evaporation.  When 
more  regularly  crystallized,  it  occurs  in  six-sided  prismatic  crystals, 
cleavable  parallel  to  the  lateral  and  terminal  planes  of  a  right  rhom- 
1}ic  prism,  which  may  be  regarded  as  its  primary  form.  (Mr  Brooke.) 
The  crystals  effloresce  slowly  by  exposure  to  the  air,  and  require 
about  four  times  their  wei^^t  of  water  at  60°  !P.  for  solution.  They 
are  composed,  according  to  Berzelius  and  Thomson,  of  50  parts  or 
one  equivalent  of  the  acid,  112  parts  or  one  equivalent  of  the  protox- 
ide of  lead,  and  27  parts  or  three  equivalents  of  water. 

The  acetate  of  lead  is  partially  decomposed,  with  foivmation  of  the 
carbonate  of  lead,  by  water  which  contains  carbonic  acid,  or  by  ex- 
posure  to  the  air ;  but  a  slight  addition  of  acetic  acid  renders  the 
solution  quite  clear. 

This  salt  is  much  used  in  the  arts,  in  medical  and  surgical  practice 
as  a  sedative  and  astringent,  and  in  chemistry  as  a  reagent. 

The  subacetate  of  lead,  commonly  called  extraetum  Satumi,  is 
prepared  by  boiling  one  part  of  the  neutral  acetate,  and  two  parts  of 
litharge,  deprived  of  carbonic  acid  by  heat,  with  25  parts  of  water. 

This  salt  is  less  sweet  and  less  soluble  in  water  than  the  neutral 
acetate,  has  an  alkaline  reaction,  and  crystallizes  in  white  plates  by 
evaporation.  It  is  decomposed  by  a  current  of  carbonic  acid,  with 
production  of  pure  carbonate  of  lead ;  and  forms  a  turbid  solution, 
owing  to  the  formation  of  a  carbonate,  when  it  is  mixed  with  water 
in  which  carbonic  acid  Is  present.  It  appears,  from  the  analysis  of 
Berzelius,  to  consist  of  one  equivalent  of  acid  and  three  equivalents 
of  the  oxide  of  lead,  and  is,  therefore,  ?l  trisacetate. 

A  diaeetate  may  likewise  be  formed  by  boiling  with  water  a  mix- 
ture of  litharge  and  acetate  of  lead  in  atomic  proportion.  (Thomson.) 

Acetate  of  Copper, — The  pigment  called  verdigris,  which  is  an 
impure  acetate  of  the  peroxide  of  copper,  may  be  formed  by  exposing 
metallic  copper  to  the  vapour  of  vinegar,  when  the  metal  gradually 
absorbs  oxygen  from  the  atmosphere,  and  then  unites  with  the  acid. 
It  is  prepared  in  large  quantity  in  the  south  of  France  by  covering 
copper  plates  with  the  refuse  of  the  grape,  after  the  juice  has  been 
extracted  for  making  wine.  The  saccharine  matter  contained  in  the 
husks  furnishes  acetic  acid  by  fermentation;  and  in  foui^or  six  weeks 
the  plates  acquire  a  coating  of  the  acetate. 

Verdigris  is  commonly  of  a  pale  green,  but  sometimes  of  a  blue 
colour.  Its  essential  constituent  is  an  acetate  of  copper,  composed, 
according  to  Mr  Phillips*,  of  80  parts  or  one  equivalent  of  the  perox- 
ide of  copper,  50  parts  or  one  equivalent  of  acetic  acid,  and  six  equi- 
valents of  water.  This  compound  is  decomposed  by  water,  and  is 
converted  into  an  insoluble  green  diaeetate,  and  into  a  soluble 
binaeetate  of  copper.  The  first,  as  its  name  implies,  consists  of  one 
equivalent  of  acid  and  two  equivalents  of  the  oxide.  The  binaeetate 
crvstallizes  readily  in  rhombic  octahedrons  of  a  green  colour,  and  Is 
soluble  in  twenty  times  its  weight  of  cold,  and  five  of  boiling  water 
It  is  convenientlv  prepared  by  dissolving  verdigris  in  distilled  vinegar, 
and  evaporating  the  solution.  The  crystals  consist  of  two  equivalents 
of  acid  and  one  equivalent  of  the  peroxide  of  copper,  combined,  accord. 


*  Annals  of  Philosophy,  N.S.  vol.  i.  ii.  and  iv. 
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log  to  Mr  Phillipf ,  with  three,  and,  aeeording  (o  BerzeHw  Bod  Dr 
Vre,  with  two  equivalents  of  water. 

Besides  these  compounds,  B6rzelius  has  described  three  other  ace- 
tates of  copper;  but  as  they  are  of  little  importance,  I  refer  the  reader 
to  the  original  paper  on  the  subject.  (Annals  of  Philosophy,  N.  S. 
▼ol.  viii.) 

Acetate  of  Zine. — This  salt  may  be  prepared  by  way  of  double  de- 
composition, by  mixing  sulphate  of  zinc  with  acetate  of  lead  In  equi- 
valent proportions.  When  made  in  this  way,  it  is  very  apt  to  retain 
some  sulphate  of  lead  in  solution.  The  best  mode  of  obtaining  it 
quite  pure,  is  by  suspending  metallic  zinc  in  a  dilute  solution  of  the  ace- 
tate of  lead,  until  all  the  lead  is  removed.  (Page  354.)  This  is  known 
to  be  accomplished  by  the  addition  of  sulphuretted  hydrogen,  which 
then  occasions  a  pure  white  precipitate.  This  salt  is  frequently  em- 
ployed as  an  astringent  collyrium. 

Acetate  of  Mercury. — ^The  only  interesting  compound  of  mercury 
and  acetic  acid  is  the  acetate  of  the  protoxide,  which  is  sometimes 
employed  In  the  practice  of  medicine.  '  It  is  prepared  by  mixing  crys- 
tallized protonitrate  of  mercury  with  neutral  acetate  of  potassa  in'the 
ratio  of  one  equivalent  of  each.  (See,  the  table  of  atomic  weights.) 
If  both  salts  are  dissolved  in  a  considerable  quantity  of  hot  water,  the 
solutions  retain  their  transparency  after  being  mixed ;  but  on  cooling, 
the  protacetate  of  mercury  is  deposited  in  white  scales  of  a  silfy 
lustre.  It  is  easily  decomposed;  and  it  should  be  dried  by  a  very 
gentle  heat,  and  washed  with  cold  water  slightly  acidulated  with 
acetic  acid. 

Oxalic  Acid. 

Oxalic^acid  exists  ready  formed  in  several  plants,  especially  in  the 
rumex  acetosa  or  common  sorrel,  and  in  the  oxalia  acetosella  or  wood 
sorrel;  but  it  almost  always  occurs  in  combination  either  with  lime  or 
potassa.  These  plants  contain  the  binoxalate  of  potassa ;  and  the  oxa- 
late of  lime  has  been  found  in  large  quantity  by  M.  Braconnot  in  seve- 
ral species  of  lichen. 

Oxalic  acid  is  easily  made  artificially  by  digesting  sugar  in  five  or 
six  times  its  weight  of  nitric  acid,  and  expelling  the  excess  of  that 
acid  by  distillation,  until  a  fluid  of  the  consistence  of  syrup  remains 
in  the  retort.  The  residue  in  cooling  yields  crystals  of  oxalic  acid, 
the  weight  of  which  amounts  to  rather  more  than  half  the  quantity  of 
the  sugar  employed.  They  should  be  purified  by  solution  in  pure  water, 
.  and  recrystaliization.  In  this  process,  changes  of  a  very  complicated 
nature  ensue,  during  which  a  portion  of  nitric  acid  is  resolved,  chiefly 
into  oxygen  and  deutoxide  of  nitrogen,  while  the  sugar  is  converted, 
with  formation  of  carbonic  acid  and  water,  into  oxalic  acid.  A  small 
quantity  of  malic  and  acetic  acids  are  generated  at  the  same  time. 
As  oxalic  acid  does  not  contain  any  hydrogen,  and  has  a  smaller  pro- 
portional quantity  of  carbon  than  sugar,  there  can  be  no  doubt  that 
the  production  of  this  acid  ^essentially  depends  upon  the  sugar  being 
deprived  of  all  its  hydrogen  and  a  portion  of  its  carbon,  by  oxygen  de- 
rived from  the  nitric  acid. ' 

Many  organic  substances  besides  sugar,  such  as  starch,  gum,  most 
of  the  vegetable  acids,  wool,  hair,  and  silk,  are  converted  into  oxalic 
by  ^he  action  of  nitric  acid ; — a  circumstance  which  is  explicable  on 
the  fact,  that  oxalic  acid  contains  more  oxygen  than  any  other  prin- 
ciple, whether  of  animal  or  vegetable  origin. 
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Oxalic  acid  crystallizes  in  slender,  flattened,  four  and  six-sided 
prisms,  terminated  by  two-sided  suftimits ;  but  their  primary  form  is 
*  an  oblique  rhombic  prism.  It  has  an  exceedingly  sour  taste,  reddens 
litmus  paper  strongly,  and  forms  neutral  salts  with  allcalies.  The  crys* 
tals  effloresce  on  exposure  to  the  air,  but  undergo  no  other  change. 
They  are  soluble  in  twice  their  weight  of  cold  and  in  their  own  weight 
of  boiling  water.  They  are  dissolved  also  by  alcohol,  though  less 
freely  than  in  water.  They  contain  half  their  weight  of  water  of  crys- 
tallization, part  of  which  only,  amounting  to  about  28  per  cent,  can 
be  expelled  by  heat  without  decomposing  the  add  itself. 

The  atomic  weight  of  oxalic  acid,  as  determined  by  Dr  Thomson,  is 
precisely  86;  and  the  crystals  consist  of  36  parts  or  one  equivalent 
of  real  acid,  and  36  parts  or  four  equivalents  of  water.  (First  Princi* 
pies,  vol.  ii*.)  It  differs  in  composition  from  all  other  vegetable  acids 
in  containing  no  hydrogen,  the  absence  of  which  seems  fully  estab- 
,  Hshed  by  the  analyses  of  Berzelius,  ThomsX)n,  and  Ure.  From  the 
'  researches  of  these  xshemists,  oxalic  acid  is  composed  of  one  part  of 
carbon  and  two  parts -of  oxygen ;  but  since  its  equivalent  is  36,  it  must 
be  regarded  as  a  compound  of 

Carbon  *         12     or  two  equivalents. 

Oxygen  .        24     or  three  equivalents.         ' 

36 
It  is,  therefore,  intermediate  between  carbonic  oxide  and  carbonic 
acid,  and  may  even  be  supposed  to  consist  of 

Carbonic  oxide  • .  14    or  one  equivalent. 

Carbonic  acid  .  22    or  one  equivalent. 


Consistently  with  this  view,  Dobereiner  found  that  oxalic  acid  is 
converted  into  carbonic  acid  and  carbonic  oxide  by  the  action  of  a 
very  large  excess  of  fuming  sulphuric  acid.  (An.  de  Ch.  et  de  Ph.' 
vol.  xix.)  The  experiment  succeeds  even  with  the  common  oil  of 
vitriol  of  commerce. 

Oxalic  acid  is  one  of  the  most  powerful  and  rapidly  fatal  poisons 
which  we  possess ;  and  frequent  accidents  have  occurred  from  its  be- 
ing sold  and  taken  by  mistake  for  Epsom  salts,  with  the  appear- 
ance of  which  its  crystals  have  some  resemblance.  These  substances 
may  be  easily  distinguished,  however,  by  the  strong  acidity  of  oxalic 
acid,  which  may  be  tasted  without  danger,  while  the  sulphate  of 
ipagnesia  is  quite  neutral  and  has  a  bitter  saline  taste.  The  experi* 
ments  of  Drs  Christison  and  Coindet  have  demonstrated  that  chalk 
and  magnesia  are  certain  antidotes  to  poisoning  by  oxalic  acid,  in  con- 
sequence of  forming  with  it  insoluble  and  inert  compounds.  (Edin- 
burgh Medical  and  Surgical  Journal  for  1823.) 

Oxalic  acid  is  easily  distinguished  from  all  other  acids  by  the  form 
of  its  crystal^,  and  by  its  solution  giving  with  lime-water  a  white  pre- 
cipitate, which  is  insoluble  in  an  excess  of  the  acid. 


*  I  have  reason  to  believe  the  composition  of  crystallized  oxalic 
acid,  as  stated  in  the  text  on  the  authority  of  Dr  Thomson,  to  be  in- 
exact. Dr  Prout  assures  me  of  his  conviction,  arising  from  repeated 
experiment,  that  the  crystals  consist  of  36  parts  or  one  equivalent  of 
real  acid,  and  only  27  parts  or  three  equivalents  of  water.  This  pro- 
portion coincides  with  that  observed  by  Berzelius,  who  found  the  crys- 
tal^ of  oxalic  acid  to  contahi  rather  more  than  42  per  cent  of  water 
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The  salts  of  oxalic  acid  are  termed  oxalates.  Most  of  these  com* 
pounds  are  either  insoluble  or  sparingly  soluble  in  water ;  but  they  ar« 
all  dissolved  by  -the  nitric,  and  also  by  muriatic  acid,  except  when  the 
latter  precipitates  the  bases  of  the  salts.  The  only  oxalates  which  are 
remarlAble  for  sohibility  are  ihose  of  potassa,  soda,  lithia,  ammonia, 
alumina,  and  iron.  ' 

A  soluble  oxalate  is  easily  detected  by  adding  to  its  solution  a 
neutral  salt  of  lime  or  lead,  when  a  white  oxalate  of  those  bases  will 
be  thrown  down.  On  digesting  the  precipitate  in  a  little  sulphuric 
«cid,  an  insoluble  sulphate  is  formed,  and  the  solution>yields  cc3rstalB 
of  oxalic  add  o%  cooling.  All  insoluble  oxalates,  the  bases  of  which 
form  insoluble  compounds  with  sulphuric  acid,  may  be  decomposed 
in  a  similar  manner.  AU  other  insoluble  oxalates  may  be  decompos- 
ed by  potassa,  by  which  means  a  soluble  oxalate  is  procured. 

The  oxalates,  like  all  salts  which  contain  a  vegetable  acid,  are 
decomposed  by  a  red  heat,  a  carbonate  being  Jeft,  provided  the  oxide 
can  retain  carbonic  acid  at  the  temperature  which  is  employed.  As 
Qxalic  acid  is  so  highly  oxidized,  its  salts  leave  no  charcoal  when 
heated  in  close  vessels. 

Several  oxalates  are  reduced  to  the  metallic  state,  with  evolution  of 
pure  carbonic  acid,  when  heated  to  redness  in  close  vessels.  (Pages 
844  and  S45.)  The  peculiar  constitution  of  oxalic  acid  accounts  fo 
this  chance;  for  one  equivalent  of  the  acid,  to  be  converted  into  car- 
bonic acid,  requires  precisely  one  equivalent  of  oxygen,  which  Is  the 
exact  quantity  contained  in  the  oxide  of  a  neutral  protoxalate. 

Oxalates  of  Potassa. — Oxalic  acid  forms  with  potassa  three  com- 
pounds, of  which  the  description  was  given,  and  the  composition  de- 
termined, in  the  year  1808,  by  Dr  Wollaston.  (Philos.  Trans,  for  1S08.) 
The  first  is  the  neutral  oxalate  which  is  form,ed  by  neutralizing  car- 
bonate of  potassa  with  oxalic  acid.  It  crystallizes  in  oblique  quad- 
rangular prisms,  which  have  a  cooling  bitter  taste,  require  about  twice 
their  weight  of  water  at  60°  F.  for  solution,  and  contain  86  parts  or 
one  equivalent  of  oxalic  acid,  48  parts  or  one  equivalent  of  potassa, 
and  one  equivalent  of  water.  This  salt  is  much  employed  as  a  reagent 
for  detecting  lime.  The  binoxalate  of  potassa  is  contained  in  sorrel, 
and  may  be  procured  from  that  plant  by  solution  and  crystallization. 
It  crystallizes  readily  in  small  rhomboids,  which  are  less  soluble  hi 
water  than  the  neutral  oxalate.  It  is  often  sold  under  the  name  of 
essential  salt  of  lemons  for  removing  iron  moulds  from  linen ; — an 
effect  which  it  produces  by  one  equivalent  of  its  acid  uniting^  with 
the  oxide  of  iron  and  forming  a  soluble  oxalate.  The  third  salt  coq- 
tams  twice  as  much  acid  as  the  preceding  compound,  and  has  hence . 
received  the  name  of  quadroxalate  of  potassa.  It  is  the  least  soluble 
of  these  salts,  and  is  formed  by  digesting  the  binoxalate  in  nitric  acid, 
by  which  it  is  deprived  of  one-half  of  its  base.  It  is  composed  of 
four  equivalents  of  acid,  one  of  potassa,  and  seven  of  water. 

"Oxodate  of  Soda,  which  may  be  made  in  the  same  manner  as  oxa- 
late of  potassa,  is  very  rarely  employed,  and  is  of  little  importance.  It 
likewise  forms  a  binoxalate,  but  no  quadroxalate  is  known. 

Oxalate  of  ammonia,  prepared  by  neutralizing  that  alkali  with  ox- 
alic acid,  is  much  used  as  a  reagent.  It  is  very  soluble  in  hot  water, 
and  is  deposited,  in  acicular  crystals  when  a  saturated  hot  solution 
is  allowed  to  cool.  The  crystals  contain  two  equivalents  of  water. 
Dr  Thomson  has  likewise  described  z  binoxalate  of  ammonia,  which 
is  less  soluble  than  the  preceding  and  contains  three  equivalents  of 
water. 

Oxalate  of  Lime. — This  salt,  like  all  the  insoluble  oxalates,  is  easily 
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prepared  by  the  way  of  double  decomposition.  It  is  a  white  finely 
divided  powder,  which  is  remarkable  for  its  extreme  insolubility  in  pure 
water.  On  this  account  a  soluble  oxalate  is  an  exceedingly  delicate 
test  for  lime.  It  is  very  soluble,  however,  in  muriatic  and  nitric 
acids.  It  is  composed  of  86  parts  or  one  equivalent  of  the  aaid,  and 
28  parts  or  one  equivalent  of  lime.  It  may  be  exposed  to  a  tempera- 
ture of  560°  F.  without  decomposition,  and  is  then  quite  anhydrous. 
No  binoxalate  of  lime  is  known. 

This  salt  is  interesting  in  a  pathological  point  of  view,  because  it  is 
a  frequent  ingredient  of  urinary  concretions.  It  is  the  basis  of  what  is 
called  the  mulberry  calculus. 

Oxalate  of  Magnesia, — This  salt  may  be  prepared  by  mixing  oxa- 
late of  ammonia  with  a  hot  concentrated  solution  of  sulphate  of  mag- 
nesia. It  is  a  white  powder,  which  is  very  sparingly  soluble  in  water ; 
but,  nevertheless,  when  the  sulphate  of  magnesia  is  moderately  dilut- 
ed with  cold  water,  the  oxalate  of  ammonia  occasions  no  precipitate. 
On  this  fact  is  founded  the  best  analytic  process  for  separating  lime 
from  magnesia.' 

Tartaric  Acid. 

This  acid  exists  in  the  juice  of  several  acidulous  fruits,  but  it  is  aU 
most  always  in  combination  with  lime  or  potassa.  It  is  prepared  by 
mixing  intimately  198  parts  or  one  equivalent  of  cream  of  tartar,  in  fine 
powder,  with  50  parts  or  one  equivalent  of  chalk,  and  throwing  the 
mixture  by  small  portions  at  a  time  into  ten  times  its  weight  of  boil- 
ing water.  On  each  addition  brisk  effervescence  ensues,  owing  to  the 
escape  of  carbonic  acid ;  and  one  equivalent  of  the  insoluble  tartrate  of 
lime  subsides,  while  one  equivalent  of  neutral  tartrate  of  potassa  is  held 
in  solution.  On  washing  the  Tormer  with  water,  and  then  digesting 
it,  diffused  through  a  moderate  portion  of  water,  with  one  equivalent  of 
sulphuric  acid,  the  tartaric  acid  is  set  free ;  and  after  being  separated 
from  the  sulphate  of  lime  by  a  filter,  may  be  procured  by  evaporation 
in  prismatic  crystals,  the  primary  form  of  which  is  a  right  rhombic 
prism. 

Tartaric  acid  has  a  sour  taste,  which  is  very  agreeable  when  diluted 
with  water.  It  reddens  litmus  paper  strongly  and  forms  with  alkalies 
neutral  salts,  to  which  the  name  of  tartrates  is  applied.  It  requires 
five  or  six  times  its  weight  of  water  at  60°  for  solution,  and  is  mUch 
more  soluble  in  boiling  water.  It  is  dissolved  likewise,  though  less 
freely,  in  alcohol.  The  aqueous  solution  is  gradually  decomposed  by 
keeping,  and  a  similar  change  is  experienced  under  the  same  circum- 
stances by  most  of  the  tartrates.  The  crystals  may  be  exposed  to  the 
air  without  change.  They  are  converted  into  the  oxalic  by  digestion 
in  nitric  acid.  When  heated  in  close  vessels,  it  Aises,  froths  up,  and 
is  decomposed,  yielding,  in  addition  to  the  usual  products  of  destruc- 
tive distillation,  a  distinct  acid  to  which  the  name  of  pyrotartarU  add 
U  applied.    A  considerable  quantity  of  charcoal  remains. 

The  atomic  weight  of  tartaric  acid,  inferred  by  Dr  Thomson  from 
the  tartrates  of  potassa  and  lead,  is  66 ;  and  the' crystals,  which  cannot 
be  deprived  of  their  water  by  heat  without  decomposition,  consist  of 
66  parts  or  one  equivalent  of  acid,  and  one  equivalent  of  water.  As- 
cording  to  the  analysis  of  Dr  Prout  and  Dr  Thomson,  which  agrees 
pretty  closely  with  that  of  Berzelius,  the  acid  itself  is  composed  of 
M  m 
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Caibon  .  24    or  four  eqaivaleoti. 

Oxygen  '  40    or  five  equivaleDt*. 

Hydrogen  .  2    or  two  equivalents.        v 

66 

Tartaric  acid  is  distioguisbed  from  other  acids  by  forming  a  wbit« 
precipitate,  tbe  bitartrate  of  potassa,  when  mixed  with  any  of  the  salts 
of  that  allcali.  This  acid,  therefore,  separates  ^otassa  from  every  other 
acid.  It  occasions  a  white  precipitate  with  lime-water  which  is  very 
soluble  in  an  excess  of  the  acid. 

Tartaric  acid  is  remarkable  for  its  tendency  to  form  double  salts* 
the  properties  of  which  are  often  more  interesting  than  the  simple 
salts.  The  most  important  of  these  double  salts,  and  the  only  ones 
which  have  been  much  studied,  are  the  tartrate  of  potassa  and  soda, 
and  the  tartrate  of  antimony  and  potassa.  The  neutral  tartrates  of 
the  alkalies,  of  magnesia,  and  copper,  are  soluble  in  water ;  but  most 
of  the  tartrates  of  tbe  other  bases,  and  especially  those  of  lime,  baryta, 
strontia,  and  lead,  are  insoluble.  All  these  neutral  tartrates,  however, 
which  are  insoluble  in  pure  water,  are  soluble  in  an  excess  of  their 
acid.  They  are  decomposed  by  digestion  in  carbonate  of  potassa,  and 
when  an  acid  is  added  in  excess,  the  bitartrate  of  potassa  is  precipi- 
tated. All  the  insoluble  tartrates  are  easily  procured  from  the  neutral 
tartrate  of  potassa  by  way  of  double  decomposition. 

Tartrates  of  Potassa. — The  neutral  tartrate,  frequently  called 
soluble  tartar^  is  formed  by  neutralizing  a  solution  of  the  bitartrate 
with  carbonate  of  potassa ;  and  it  is  a  product  of  the  operation  above 
described  for  making  tartaric  acid.  Its  primary  form  is  a  right  rbom> 
boidal  prism ;  but  it  often  occurs  in  irregular  six-sided  prisms  with 
dihedral  summits.  Its  crystals  are  very  soluble  in  waiter,  and  attract 
moisture  when  exposed  to  the  air.  They  consist  of  114  parts  or  one 
equivalei^t  of  the  neutral  tartrate,  and  two  of  water.  They  are  ren- 
dered quite  anhydrous  by  a  temperature  not  exceeding  248°  Fahr. 

Of  the  bitartrate^  an  impure  form,  commonly  known  by  the  name 
of  tartar,  is  found  encrusted  on  the  sides  and  bottom  of  wine  casks, 
a  source  from  which  all  the  tartar  of  commerce  is  derived.  This  salt 
exists  in  the  juice  of  the  grape,  and,  owing  to  its  insolubility  in  aico- 
hoi,  is  gradually  deposited  during  the  vinous  fermentatioo.  In  its 
crude  state,  it  is  coloured  by  the  wine  from  which  it  was  procured  ; 
but  when  purified,  it  is  quite  white,  and  in  this  state  constitutes  the 
cream  of  tartar  of  the  shops. 

The  bitartrate  of  potassa  is  very  sparingly  soluble  in  water,  requlr- 
faig  sixty  parts  of  cold  and  fourteen  of  boiliog  water  for  solution,  and 
is  deposited  from  the  latter  on  cooling  in  small  crystalline  grains.  Its 
crystals  are  commonly  irregular  six-sided  prisms,  terminated  at  each 
extremity  by  six  surfaces;  and  its  primary  form  is  either  a  right  rect- 
angular, or  a  right  rhombic  prism.  It  has  a  soiif  taste,  and  distinct 
acid  reaction.  It  consists  of  one  equivalent  of  potassa,  and  two  of 
the  acid,  united  according  to  Berzelius  with  one,  and  according  to 
Dr  Thomson  with  two  equivalents  of  water.  Assuming  the  latter  to 
be  correct,  the  atomic  weight  of  the  bitartrate  is  198.  Its  water  of 
crystallization  cannot  be  expelled  without  decomposing  the  salt  itself. 

The  bitartrate  of  potassa  is  employed  in  the  formation  of  tartaric  acid 
and  all  the  tartrates.  It  is  likewise  used  in  preparing  pure  carbonate 
of  potassa.  When  exposed  to  a  strong  heat,  it  yields  an  acrid  empy- 
reumatic  oil,  some  pyrotartaric  acid,  together  with  water,  carburetted 
hydrogen,  carbonic  oxide,  and  carbonic  acid  gases,  the  last  of  which 
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combiBds  with  the  |>otas8a.  The  fixed  prodacts  are  carbonate  of  po- 
tassa  and  charcoal,  which  may  be  separate'd  from  each  other  by  solu- 
tion and  filtration.  When  deflagrated  with  half  Us  weight  of  nitre, 
by  which  part  of  the  charcoal  is  consumed,  it  forms  hlack  flux;  and 
when  an  equal  weight  of  nitre  is  used,  so  as  to  oxidize  all  the  free 
carbon  of  the  tartaric  acid,  a  pure  carbonate  of  potassa,  called  while 
flux,  is  procured. 

Tartrate  of  Potassa  and  Soda. — ^This  double  salt,  which  has  been 
long  employed  in  medicine  under  the  name  of  Seignette  or  Moehelle 
salt,  is  prepared  by  neutralizing  bitartrate  of  potassa  with  carbonate 
of  soda.  By  evaporation  it  yields  prismatic  crystals,  the  sides  of 
which  often  amount  to  ten  or  twelve  in  number ;  but  the  primary 
form,  as  obtained  by  cleavage,  is  a  right  rhombic  prism.  (Mr  Brooke.) 
The  crystals  are  soluble  in  five  parts  of  cold  and  in  a  less  quantity  of 
boiling  water,  and  are  composed  of  114  parts  or  one  equivalent  of 
tartrate  of  potassa,  98  parts  or  one  equivalent  of  tartrate  of  soda,  and 
eight  equivalents  of  water. 

Tartrate  of  Soda  is  of  little  importance.  It  is  frequently  made  ex- 
temporaneously by  dissolving  equal  weights  of  tartaric  acid  and  bi- 
carbonate of  soda  in  separate  4)ortions  of  water,  and  then  mixing  the 
solutions.  A  very  agreeable  effervescing  draught  is  procured  in  this 
way.  Soda  is  better  adapted  for  this  purpose  than  potassa,  because 
the  former  has  little  or  no  tendency  to  form  an  insoluble  bitartrate. 

Tartrate  of  Antimony  and  Potassa. — This  compound,  long  cele- 
brated as  a  medicinal  preparation  under  the  name  of  tartar  emetic,  is 
made  by  boiling  protoxide  of  antimony  with  a  solution  of  bitartrate  of 
potassa.  The  oxide  of  antimony  is  furnished  for  this  purpose  in  vari- 
ous ways..  Sometimes  the  glass  or  crocus  of  that  metal  is  employed. 
The  Edinburgh  college  prepare  an  oxide  by  deflagrating  sulphuret  of 
antimony  with  an  equal  weight  of  nitre ;  and  the  college  of  Dublin 
employ  the  submuriate.  Mr  Phillips  recommends  that  1(K)  parts  of 
metallic  antimony  in  fine  powder  should  be  boiled  to  dryness  in  an 
iron  vessel,  with  200  parts  of  sulphuric  acid  ;  and  that  the  residual  sub- 
sulphate  be  boiled  with  an  equal  weight  of  cream  of  tartar.  The 
solution  of  the  double  salt,  however  made,  should  be  concentrated  by 
evaporation,  and  allowed  to  cool  in  order  that  crystals  may  form. 

The  tartrate  of  antimony  and  potassa  commonly  crystallizes  In  te- 
trahedrons, which  are  often  transparent  when  first  formed,  but  become 
white  and  opake  by  exposure  to  the  air.  It  has  a  styptic  metallic 
taste,  reddens  litmus  paper  slightly,  and  is  soluble  in  fifteen  parts  of 
water  at  60°,  and  in  three  of  boiling  water.  (Dr  Duncan,  jun.)  Its 
aqueous  solution,  like  that  of  all  the  tartrates,  undergoes  spontaneous 
decomposition  by  keeping;  and,  therefore,  if  kept  in  the  liquid  form, 
alcohol  should  be  added  in  order  to  preserve  it.  According  to  the 
analysis  of  Dr  Thomson,  (First  Principles,  vol.  ii.  p.  441)  it  is  com- 
posed of 

Tartaric  acid  .  (66x2)  182    or  two  equivalentt. 

Protoxi  de  of  Antimony       (  62  X  3 )  1 56    or  three  equivalents . 

Potassa  .  .  .  48    or  one  equivalent. 

Water  •  .  .  18    or  two  equivalents. 

*  854 

With  this  result,  the  analysis  of  Mr  Phillips  accords,  except  that  he 
found  three  instead  of  two  equivalents  of  water.  The  atomic  weight 
of  the  salt  would,  on  this  estimate,  be  363. 

Tartar  emetic  is  decomposed  by  many  reagents.  Thus  alkaline 
substances,  from  their  superior  attraction  for  tartaric  acid,  separate  the 
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oxide  of  tntimoiiy.  Tlie  pure  alkaliM,  indeed,  and  eapecially  poUm 
«nd  8oda,  precipitate  it  imperfectly*  owing  to  tbeir  tendency  to  unite 
with  and  diMolve  the  oxide ;  but  tlie  all^aline  carbonates  throw>dowQ 
the  oxide  much  more  cbmpletely.  Lime-water  occasions  a  white  pre- 
cipitate, which  is  a  mixture  of  the  oxide  or  tartrate  of  antimony, 
and  tartrate  of  lime.  The  stronger  acids,  such>s  the  sulphuric,  nitric, 
and  muriatic,  cause  a  white  precipitate,  consisting  of  bitartrate  of 
potassa  and  a  sub-salt  of  antimony.  Decomposition  is  likewise  effect- 
ed by  several  metallic  salts,  the  bases  of  which  yield  insolublo  com- 
pounds with  tartaric  acid.  Sulphuretted  hydrogen  throws  down  Che 
orange  sulphuret  of  antimony.  It  is  precipitated  by  many  vegetable 
eubstances,  especially  by  an  infusion  of  gall-nuts,  and  other  similar 
astringent  solutions,  with  which  it  forms  a  dirty  white  precipitate, 
which  is  regarded  as  a  compound  of  tannin  and  oxide  of  antimony. 
This  combination  is  inert,  and  therefore  a  decoction  of  cinchona  bark 
is  recommended  as  an  antidote  to  tartar  emetic. 

Citric  Add. 

This  acid  is  contained  in  many  of  the  acidulous  fruits,  but  exists  in 
large  quantity  In  the  juice  of  the  lime  and  lemon,  from  which  it  is  pro- 
cured by  a  process  very  similar  to  that  described  for  preparing  tartaric 
acid.  To  any  quantity  of  lime  or  lemon  juice,  finely  powdered  chalk 
is  added  as  long  as  effervescence  ensues,  and  the  insoluble  citrate  of 
lime,  after  being  well  washed  with  water,  is  decomposed  by  digestion 
in  dilute  sulphuric  acid.  The  insoluble  sulphate  of  lime  is  separated 
by  a  filter,  and  the  citric  acid  obtained  in  crystals  by  evaporation. 
They  are  rendered  quite  pure  by  being  dissolved  in  water  and  re-crys- 
tallized. The  proportions  required  in  this  process  are  SQ  parts  or  one 
equivalent  of  dry  citrate  of  lime,  and  49  parts  or  one  equivalent  of 
strong  sulphuric  acid,  which  should  be  diluted  with  about  ten  parts  of 
water. 

Citric  acid  crystallizes  in  rhomboidal  prisms'terminated  by  four  plane 
surfaces.  The  crvstals  are  large  and  transparent,  undergo  no  cluinge 
in  the  air,  and  if  kept  dry  may  be  preserved  for  any  length  of  time 
without  decomposition.  They  have  an  litensely  sour  taste,  redden 
litmus  paper,  and  neutralize  alkalies.  Their  flavour  when  diluted  is  . 
very  agreeable.  They  are  soluble  in  an  equal  weight  of  oold  and  in 
half  their  weight  of  boiKng  water,  and  are  also  dissolved  by  alcohol. 
The  aqueous  "solution  is  gradually  decomposed  by  keeping.  It  is 
converted  into  oxalic  by  the  action  of  nitric  acid.  Exposed  to  heat, 
the  crystals  undergo  the  watery  fusion,  and  the  acid  itself  is  decom- 
posed before  all  its  water  of  crystallization  is  expelled.  Besides  the 
usual  products  of  the  decomposition  of  vegetable  matter,  a  peculiar 
acid  sublimes,  to  which  the  name  of pyroeitrie  acid  is  applied. 

The  atomic  weight  of  citric  acid,  as  deduced  from  the  composition 
of  citrate  of  lead  by  Thomson  and  Berzelius,  is  58 ;  and  the  crystals 
consist  of  68  parts  or  one  equivalent  of  the  acid,  and  IS  parts  or  two 
equivalents  of  water.  According  to  the  analyses  of  the  same  chemists, 
this  acid  is  inferred  to  consist  of 

Carbon  24    or  four  equivalents. 

Oxygen  32    or  four  equivalents. 

Hydrogen       .         2    or  twooqutvalents, 

58 
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The  analysis  of  Gay-Lussac  and  Thenard,  of  Dr  Front  and  Dr  Ure*, 
would  lead  to  a  diQerent  statement ;  but  the  foregoing  agrees  better 
with  the  atomic  weight  of  the  acid. 

Citric  acid  is  characterized  by  its  flavour,  by  the  form  of  its  crystals, 
and  by  forming  an  insoluble  salt  with  lime,  and  a  deliquescent  soluble 
compound  with  potassa.  It  does  not  render  lime-water  turbid,  unless 
the  latter  is  in  excess,  and  fully  saturated  with  lime  in  the  cold. 

Critic  acid  is  chiefly  employed  as  a  substitute  for  lemon  juice.  On 
some  occasions,  as  in  making  effervescing  draughts  or  acidulous  drinks, 
tartaric  acid  may  be  used  with  equal  advantage. 

The  salts  of  citric  acid  are  of  little  importance.  The  citrates  of 
potassa,  soda,  ammonia,  magnesia,  and  iron,  are  soluble  in  water. 
The  first  is  often  made  extemporaneously  as  an  eflervescing  drau^t. 
The  citrates  of  lime,  baryta,  and  strontia,  lead,  mercury,  and  silver, 
are  very  sparingly  soluble.  All  of  them  are  dissolved  by  an  excess  of 
their  own  acid,  and  are  decomposed  by  sulphuric  acid. 

Malic  Acid. 

This  acid  is  contained  in  most  of  the  acidulous  fruits,  being 
frequently  associated  with  the  tartaric  and  citric  acids.  Grapes,  cur- 
rants, gooseberries,  and  oranges  contain  it.  Vauquelin  found  it  in  the  . 
tamarind,  mixed  with  tartaric  and  citric  acids,  and  in  the  house  leek, 
[sempervivum  teetorum^)  combined  with  lime.  It  is  contained  in 
considerable  quantity  in  apples,  a  circumstance  to  which  it  owes  its 
name.  It  is  almost  the  sole  acidifying  principle  of  the  berries  of  the 
service  tree  (aorbus  atM*paria,)  in  which  it  was  detected  by  Mr 
Donovan,  and  described  by  him  under  the  name  ofaorbie  acid  in  the 
Philosophical  Transactions  for  1815 ;  but  it  was  afterwards  identified 
"With  the  malic  acid  by  Braconnot  and  Houton-Labillardi^re.  (An.  de 
Ch.etdePh.  vol.  viil.) 

Malic  acid  may  be  formed  by  digesting  sugar  with  three  times  its 
weight  of  nitric  acid  ;  but  the  best  mode  *of  procuring  it  is  from  the 
berries  of  the  service  tree.  The  juice  of  the  unripe  berries  is  diluted 
with  three  or  four  parts  of  water,  filtered,  and  heated ;  and  while  boil- 
ing, a  solution  of  acetate  of  lead  is  added  as  long  as  any  turbidity  ap- 
pears. The  colouring  matter  of  the  berry  is  thus  precipitated,  while 
malate  of,  lead  remains  in  solution.  The  liquid,  while  at  a  boiling 
temperature,  is  then  filtered.  At  first  a  small  quantity  of  dark  colour- 
ed salt  subsides ;  but  on  decanting  the  hot  solution  into  another  vessel, 
the  malate  of  lead  is  gradually  deposited,  in  cooling,  in  groups  of 
brilliant  white  crystals.  This  process — a  modification  of  the  common 
one — has  lately  been  recommended  by  Wohler.  The  malate  of  lead 
is  then  decomposed  by  a  quantity  of  dilute  sulphuric  acid,  insuffi- 
cient for  combining  with  all  the  oxide  of  lead ;  by  which  Aieans  a 
i^olution  is  procured  containing  malic  acid  together  with  a  little  lead. 
The  latter  is  afterwards  precipitated  by  sulphuretted  hydrogen. 

Malic  acid  has  a  very  pleasant  acid  taste.  It  crystallizes  with  great 
difficulty  and  in  an  imperfect  manner,  attracts  moisture  from  the  at- 
mosphere, and  is  very  soluble  in  water*  and  alcohol.  Its  aqueous 
solution  is  gradually  decomposed  by  keeping.  Nitric  acid  Converts  it 
into  oxalic  acid.  Heated  in  close  vessels,  it  is  decompt^sed  with 
formation  of  a  new  and  volatile  acid,  which  has  hence  received  the 
name  ofpyromalie  acid. 


*  Philosophical  Transactions  for  1812. 
Mm  2 
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According  to  a  recent  analysis  of  the  malates  of  lime,  lead,  and 
copper  by  Dt  Prout,  100  parts  of  anhydrous  malic  acid  consist  of 
40.68  parts  of  carbon,  54.24  of  oxygen,  and  5.08  parts  of  hydrogen. 

Most  of  the  salts  of  malic  acid  are  more  or  less  solable  in  water. 
The  malates  of  soda  and  potassa  are  deliquescent  and  very  soluble. 
Those  of  lead  and  lime,  the  most  insoluble  of  the  malates,  are  sparingly 
soluble  in  cold  water,  but  are  freely  dissolved  by  that  liquid  at  ai>oil- 
ing  temperature,  a  circumstance  which  distinguishes  the  malic  from 
the  oxalic,  tartaric,  and  citric  acids. 

Benzoic  Acid. 

Benzoic  acid  exists  in  gum  benzom,  in  storax,  In  the  balsams  of 
Peru  and  Tolu,  and  in  several  other  vegetable  substances.  M.  Vogel 
has  detected  it  in  the  flowers  of  the  tr^olium  melUottis  offieinalis. 
It  is  found  in  considerable  quantity  in  the  urine  of  the  cow  and  other 
herbivorous  animals,  and  is  perhaps  derived  from  the  grasses  on  which 
they  feed.    It  has  also  been  detected  in  the  urine  of  children. 

This  acid  is  commonly  extracted  from  gum  benzoin.  One  method 
consists  in  heating  the  benzoin  in  an  earthen  pot,  over  which  is  placed 
a  cone  of  paper  to  receive  the  acid  as  it  sublimes ;  but  since  the  pro* 
duct  is  always  impure,  owing  to  the  presence  of  empyreumatic  oil,  it 
is  better  to  extract  the  acid  by  means  of  an  alkalL  The  usual  process 
consists  in  boiling  finely  powdered  gum  benzoin  in  a  large  quantity  of 
water  along  with  lime  or  carbonate  of  potassa,  by  which  means  a 
benzoate  is  formed.  To  the  solution,  after  being  filtered  and  con- 
centrated by  evaporation,  muriatic  acid  is  added,  which  unites  with 
the  base,  and  throws  down  the  benzoic  acid.  It  is  then  dried  by  a 
gentle  heat,  and  purified  by  sublimation. 

Benzoic  acid  has  a  sweet  and  aromatic  rather  than  a  sour  taste  ;  but 
it  reddens  litmus  paper,  and  neutralizes  alkalies.  It  fuses  readily  by 
heat,  and  at  a  temperature  a  little  above  its  point  of  fusion,  it  is  con- 
verted into  vapour,  emitting  a  peculiar,  fragrant,  and  highly  charac* 
teristic  odour,  and  condensing  on  cool  surfaces  without  change. 
When  strongly  heated,  it  takes  fire,  and  burns  with  a  clear  yellow 
flame.  It  undergoes  no  change  by  exposure  to  the  air,  and  is  not 
decomposed  by  the  action  even  of  nitric  acid.  It  requires  about  24 
parts  of  boiling  water  for  solution,  and  nearly  the  whole  of  it  is  depos- 
ited on  cooling  in  the  form  of  minute  acicular  crystals  of  a  silky  lustre. 
It  is  very  soWble  in  alcohol,  especially  by  the  aid  of  heat. 

Benzoic  acid  is  easily  distinguished  by  its  odour  and  volatility.  Its 
salts  are  all  decomposed  by  muriatic  acid,  with  deposition  of  benzoic 
acid,  if  the  solution  is  moderately  concentrated. 

The  atomic  weight  of  benzoic  acid,  as  inferred  from  the  analysis  of 
benzoate  of  lead  by  Berzelius,  and  that  of  the  benzoate  of  the  per- 
oxide of  iron  by  Dr  Thomson,  is  120. 

The  ultimate  analysis  of  this  acid  by  Berzelius*,  together  with  the 
number  representing  the  weight  of  its  combining  proportion,  appears 
to  justify  the  opinion  that  it  is  composed  of 

Carbon  .  .        90    or  fifteen  equivalents.     ^ 

Oxygen         .  .        24    or  three  equivalents. 

Hydrogen     .  .  6    or  six  equivalents, 

120 
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Aecording  to  the  analysis  of  Dr  Ure,  it  contains  thirteen  instead  of 
fifteen  equivalents  of  carbon.  (Philos.  Trans,  for  1822.) 

Most  of  the  benzoates  are  soluble  in  water.  Those  of  lead,  mercery, 
and  peroxide  of  iron,  are  the  most  insoluble.  The  benzoates  of  soda 
and  ammonia  are  sometimes  employed  for  separating  iron  from  man- 
ganese. If  the  solution  is  quite  neutral,  the  peroxide  of  iron  is  com- 
pletely precipitated,  while  the  manganese  remains  in  solution. 

GalHc  Acid. 

This  acid  was  discovered  by  Scheele  in  17S6,  and  exists  ready  form- 
ed in  the  bark  of  many  trees,  and  in  ^all-nuts.  It  is  always  associated 
with  tannin,  a  substance  to  which  it  is  allied  in  a  manner  hitherto  un- 
explained. 

Several  processes  have  been  described  for  the  preparation  of  gallic 
acid ;  but  the  most  economical  appears  to  be  that  of  Scheele,  as  modified 
by  M.  Braconnot.     (An.  de  Ch.  et  de  Ph,.  vol.  ix.)    Any  quantity  of 

SiU-nuts,  reduced  to  powder,  is  infused  for  a  few  days  in  four  times 
eir  weight  of  water ;  and  the  infusion,  after  being  strained  through 
linen,  is  Kept  for  two  months  in  a  moderately  warm  atmosphere. 
During  this  period,  the  surface  of  the  liquid  becomes  mouldy,  the 
tannin  of  the  gall-nuts  disappears  more  or  less  completely,  and  a  yel- 
lowish crystalline  matter  is  deposited.  On  evaporating  the  solution 
to  the  consistence  of  syrup,  and  allowingit  to  cool,  an  additional  quan- 
tity of  the  «ame  substance  subsides.  The  gallic  acid,  thus  procured, 
is  impure,  owing  to  the  presence  of  colouring  matter,  and  a  peculiar 
acid,  to  which  M.  Braconnot  has  applied  the  name  of  ellagic  acid. 
Hie  gallic  acid  is  separated  from  the. latter  by  boiling  water.  In  which 
the  ellagic  acid  is  insoluble ;  and  it  is  rendered  white  by  digestion 
with  animal  charcoal,  deprived  of  its  phosphate  of  lime  by  muriatic  acid. 
When  the  colourless  solution  is  concentrated  by  evaporation,  the 
gallic  acid.is  deposited  in  small  white  acicular  crystals  of  a  silky  lustre. 
Some  crystals  prepared  by  Mr  Phillips,  and  examined  by  Mr  Brooke, 
were  in  the  form  of  an  oblique  rhombic  prism. 

Gallic  acid  has  a  weak  sour  taste,  accompanied  with  a  slight  sen* 
sation  of  astringency.  It  reddens  litmus  paper,  and  effervesces  with 
alkaline  carbonates.  It  is  soluble  in  twenty- four  parts  of  cold  and  in 
three  of  boiling  water ;  and  it  is  likewise  dissolved  by  alcohol.  The 
aqueous  solution  becomes  mouldy  by  keeping.  Nitric  acid  converts 
it  into  oxalic  acid.  When  strongly  heated  in  the  open  air,  it  takes  fire. 
At  a  high  temperature  in  close  vessels,  it  is  in  part  decomposed,  and 
in  part  sublimes,  apparently  without  change. 

The  composition  and  atomic  weight  of  gallic  acid  has  not  been  de- 
termined in  a  satisfactory  manner.    From  an  analysis  of  the  gallate  of 
lead  byBerzelius,  the  equivalent  of  the  acid  is  probably  about  63  or 
64 ;  and  according  to  the  same  chemist  it  is  composed  of 
Carbon  .  .  56.64 

Oxygen  .  .  88.36 

Hydrogen        .  .  5.00* 

With  lime-water,  gallic  acid  yields  a  brownish-green  precipitate, 
which  is  redissolved  by  an  excess  of  the  solution,  and  acquires  a  red- 
dish tint.  It  is  distinguished  from  tannin  by  causing  no  precipitate  in 
a  solution  of  gelatine.  With  a  salt  of  iron,  it  forms  a  dark  blue-coloured 
compound,  which  is  the  basis  of  ink.  The  finest  colour  is  procured 
when  the  peroxide  and  protoxide  of  iron  are  mixed  together.    This 
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dMmcter  dtotingiiitbefl  gftHic  acid  from  erery  other  substance  except- 
ing tanDin. 

The  saHs  of  gallic  acid,  called  gaUfUea,  have  been  imperfectly  ex- 
amined. The  gallates  of  potassa,  soda,  and  ammonia  are  soluble  in 
water;  but  most  of  the  other  gaHates  are  of  spaiing'solubility  On  this 
accoant  many  of  the  metallic  solutions  are  precipitated  by  gallic  acid. 

Succinic  Add. 

This  acid  is  procured  by  heating  powdered  amber  in  a  retort  by  a 
regulated  temperature,  when  the  succinic  acid  passes  over  and  con- 
denses in  the  receiver.  It  is  at  present  uncertain  whether  it  exists 
ready  formed  in  amber,  or  is  a  product  of  the  destructive  distillation. 
As  nrst  obtained,  it  has  a  yellow  colour  and  peculiar  odour,  owing  to 
the  presence  of  some  empyreumatic  oil ;  but  it  is  rendered  quite  pure 
and  white  by  being  dissolved  in  nitric  acid,  and  then  evap(»^ted  to 
dryness.    The  oil  is  decomposed,  and  the  succinic  acid  left  unchanged. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  It  is  so- 
luble botli  in  water  and  alcohol,  and  crystallizes  by  evaporation  in  an- 
liydrous  prisms.  When  briskly  heated,  it  fuses,  undergoes  decompo* 
aition,  and  in  part  sublimes,  emitting  a  peculiar  and  very  characteristic 
odour. 

The  salts  of  succinic  acid  have  been  little  examined.  The  succi- 
nates of  the  alkalies  are  soluble  in  water.  That  of  ammonia  is  fre- 
quently employed  for  separating  iron  from  manganese,  the  succinate 
of  the  peroxide  of  iron  being  quite  insoluble  in  water,  provi^d  the 
solutions  are  neutral.  The  succinate  of  manganese,  on  the  contrary, 
is  soluble. 

The  atomic  weight  of  succinic  acid,  deduced  from  the  composition 
of  the  succinate  of  iron  and  of  lead  by  Thomson  and  Berzelius,  is  50 ; 
and,  according  to  the  analysis  of  the  succinate  of  lead  by  BerzeliuSj 
ibis  acid  is  interred  to  consist  of 

Carbon  .  .  24    or  four  equivalents. 

Oxygen  .  •  24    or  three  equivalents. 

Hydrogen        #  •  2    or  two  equivalents. 

50 

From  this  it  appears  that  the  succinic  is  identical  with  the  acetic 
acid,  both  in  the  proportion  of  its  constituents  and  the  number  of  its 
equivalent.  If  this  is  true,  and  there  seems  no  good  reason  to  doubt 
the  accuracy  of  the  data,  the  sole  difference  between  these  acids' con- 
sists in  the  manner  in  which  their  elements  are  combined,  a  circum- 
stance which  is  very  favourable  to  the  opinion  already  mentioned  rela- 
tive to  the  constitution  of  organic  substances  in  general.  (Page  422.)* 

Camphoric  Acid, — This  compound  has  not  hitherto  been  found  in 
any  plant,  and  is  procured  only  by  digesting  camphor  for  a  consider- 
able time  in  a  large  excess  of  nitric  acid.  It  is  sparingly  soluble  in 
water.  Its  taste  is  rather  bitter,  and  its  odour  somewhat  similar  to 
saffron.  It  reddens  litmus  paper,  and  combines  with  alkalies,  formfais 
salts  which  are  called  camphoralea.  This  acid  has  not  been  applied 
to  any  useful  purposew 


*  If,  however,  the  analysis  of  acetic  acid  by  Dr  Prout  be  assumed 
AS  correct,  this  identity  of  composition  between  it  and  succinic  add 
will  disappear. '(See  page  427.)  B. 
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.  The  mucie  or  saeekolacUc  acid  was  discovered  by  Scheele  in  1780. 
It  is  obtained  by  the  action  of  nitric  acid  on  certain  substances,  such 
as  gum,  maona,  apd  the  sugar  of  milk.  The  readiest  and  cheapest 
mode  of  forming  it,  is  by  digesting  gum  with  three  times  its  weight 
of  nitric  acid.  On  applying  heat,  effervescence  ensues,  and  three 
acids — the  oxalic,  malic,  and  saccholactic,  are  the  products.  The 
latter,  from  its  insolubility,  subsides  as  a  white  powder,  aod  may  be 
separated  from  the  others  by  washing  with  cold  water.  In  this  state 
Dt  Prout  says  it  is  very  impure.  To  purify  it  he  digests  with  a  slight 
excess  of  ammonia,  and  dissolves  the  resulting  salts  in  boiling  water. 
It  is  filtered  while  hot,  and  the  solution  evaporated  slowly  almost  to 
dryness.  The  saccholactate  of  ammonia  is  thus  obtained  m  crystal?* 
which  are  to  be  washed  with  cold  distilled  water,  until  they  become 
quite  white.  They  are  then  dissolved  in  boiling  water,  and  the  satu- 
rated hot  solution  dropped  into  cold  dilute  nitric  acid. 

The  saccholactic  is  a  weak  acid,  which  is  insoluble  in  alcohol,  and 
requires  sixty  times  its  weight  of  boiling  water  for  solution.  .  When 
heated  in  a  retort  it  is  decomposed,  and  in  addition  to  the  usual  pro- 
ducts,- yields  a  volatile  white  substance,  to  which  the  name  of  pyro» 
mucie  acid  has  been  applied.  According  to  the  analysis  of  Dr  Prout, 
saccholactic  acid  is  composed  of  33  parts  of  carbon,  61.5  of  oxygen, 
and  4.9  of  hydrogen. 

Moroxylie  And. — This  compound,  which  was  discovered  by  Elap- 
roth,  is  found  in  -combination  with  lime  on  the  bark  of  the  morus  alba 
or  white  mulberry,  and  has  since  received  the  appellation  of  moric  or 
moroxylie  add.  It  is  obtained  by  decomposing  the  moroxylate  of  lime 
by  acetate  of  lead,  and  then  separating  the  lead  from  the  moroxylate 
of  that  base  by  means  of  sulphuric  acid. 

The  hydrocyanic  ot  pruasic  acid,  which  is  not  an  unfirequent  pro- 
duction of  plants,  has  already  been  described. 

The  sorlnc,  as  already  mentioned,  has  been  shown  to  be  the  malic 
acid. 

Hheumie  Acid. — This  name  was  applied  to  the  acid  principle  con- 
tained in  the  stem  of  the  garden  rhubarb ;  but  M .  Lassaigne  has  shown 
it  to  be  the  oxalic  acid. 

Boletie  acid  was  discovered  by  M.  Braconnot,  in  the  juice  of  the 
Boletus  pset^o-igniarius.  As  it  is  a  compound  of  no  importance,  I 
refer  the  reader  to  the  original  paper  for  an  account  of  it.  (Annals  of 
Phil.  vol.  ii.) 

IgasuricAdd. — MM.  Pelletier  and  Caventouhave  proposed  this  name 
for  the  acid  which  occurs  in  combination  with  strychnia  in  the  nuz 
vomica  aod  St  Ignatius's  bean ;  but  its  existence,  as  different  from  all 
other  known  acids,  is  doubtful. 

Mellitic  Acid. — This  acid  is  contained  in  the  rare  substance  called 
honey- stone,  which  is  occasionally  met  with  at  Thuringia  in  Ger- 
many. The  honey-stone,  according  to  Klaproth,  is  a  mellitate  of 
alumina,  and  on  boiling  it  in  a  large  quantity  of  water,  the  acid  is  dis- 
solved and  the  alumina  subsides.  On  concentrating  the  solution,  the 
mellitic  acid  is  deposited  in  minute  acicular  crystals.  From  its  rarity  it 
has  been  little  studied,  and  is  of  little  importance. 

Suberic  add  is  procured  by  the  action  of  nitric  acid  on  cork.  Its 
acid  properties  are  feeble.  It  is  very  soluble  in  boiling  water,  and  the 
greater  part  of  it  is  deposited  from  the  solution  in  cooTing  in  the  form 
of  a  white  powder.  Its  salts,  which  have  been  little  examined,  are 
known  by  the  name  of  suberaies, 

Zumie  Add. — This  compound,  procured  by  Braconnot  from  seve- 
ral vegetable  substances  which  had  undergone  the  acetous  fermenta- 
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tSon)  appears  fmm  the.  obtervations  of  Vogel  to  be  #ie  taetic  aeid. 
(Annals  of  Philosophy,  vol.  zii.) 

JCtftur  .^eid— This  acid  exists  in  die  cinehona  bark  in  eombhntion 
with  lime.  On  evaporating  an  infusion -of  bark  to  the  consistence  of 
an  extract,  and  treating  the  residue  with  alcohol,  a  viscid  matter  re* 
mahis,  consisting  of  the  kinate  of  lime  and  mucilaginoua^natters.  Od 
dissolving  it  in  water,  and  allowing  the  concentrated  solution  to  eva* 
porate  spontaneously  in  a  warm  place,  the  kinate  crystallizes  in  rhom- 
bic prisms  with  dihedral  summits.  From  a  solution  of  this  salt,  Vau- 
quelin  precipitated  the  lime  by  means  of  oxalic  acid,  and  thus  obtain- 
ed' kinic  acid  in  a  pure  state.  (An.  de  Ch.  vol.  Itx.) 

Kinic  acid  has  an  acid  taste  and  reddens  vegetable  blue  colours.  It 
is  very  soluble  in  water,  and  crystallizes  with  difficulty.  It  forms  so- 
luble compounds  with  the  alkalies  and  alkaline  earths,  and  is  not  pre* 
cipitated  by  a  salt  of  mercury,  lead,  or  silver. 

Meeoriic  acid,  which  is  combined' with  morphia  in  opium,  will  be 
most  conveniently  described  in  the  following  section. 

PecHe  Jldd.—See  Vegetable  Jelly. 

Varbazotic  Add, — ^This  name  has  been  applied  by  M.  Liebig  to  a 
peculiar  acid,  formed  by  the  action  of  nitric  acid  on  indigo.  It  is 
made  by^ssolviog  small  fragments  of  the  best  indigo  in  eight  or  ten 
times  their  weight  of  moderately  strong  nitric  acid,  and  boiling  the 
solution  as  long  as  nitrous  acid  fumes  are  evolved.  On  cooling,  a 
large  quantity  of  semi-transparent  yellow  crystals  will  be  formed  ;  and 
on  evaporating  the  residual  liquid,  and  adding  cold  water,  an  addi- 
tional quantity  of  the  acid  is  procured.  To  render  the  new  acid  quite 
pure  it  should  be  dissolved  in  hot  water,  and  neutralized  by  carbonate 
of  potassa.  As  the  liquid  cools,  the  carbazotate  of  potassa  crystallizes, 
nd  may  be  purified  by  repeated  crystallization.  The  acid  may  lie  pre- 
cipitated from  this  salt  by  sulphuric  acid. 

Carbazotic  acid  is  sparingly  soluble  in  cold  water  ;  but  is  dissolved 
much  more  freely  by  the  aid  of  heat,  ^nd  on  cooling  yields  brilliant 
Crystalline  plates  of  a  yellow  colour.  Ether  and  alcohol  dissolve  it 
readily.  It  is  fused  and  volatilized  by  heat  without  decomposition ; 
but  when  suddenly  exposed  to  a  strong  heat,  it  inflames  without  ex- 
plosion, and  burns  with  a  yellow  flame,  with  a  residue  of  charcoal.  Its 
solution  has  a  bright  yellow  colour,  reddens  litmus  paper,  is  extremely 
bitter,  acts  like  a  strong  acid  on  metallic  oxides,  and  yields  crystalliza- 
ble  salts.  It  is  composed  of  carbon,  nitrogen,  and  oxygen,  in  the 
proportion  of  fifteen  equivalents  of  the  first,  three  of  the  second,  and 
fifteen  of  the  third  substance.  (Journal  of  Science,  vols.  ii.  210,  and 
Hi.  490.) 

The  bitter  principle  of  Welter,  formed  by  the  action  of  nitric  acid 
on  silk,  is  also  carbazotic  acid. 


SECTION  II. 

VEGETABLE  ALKALIES. 

Under  this  title  are  comprehended  those  proximate  vegetable  prin- 
ciples which  are  possessed  of  alkaline  properties.  The  honour  of 
discovering  the  existence  of  this  class  of  bodies  is  due  to  Sertuerner, 
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a  German  apothecary,  who  miblUhed  an  aecount  of  morphia  bo  long 

ago  as  the  year  1803 ;  but  the  sabject  excited  no  notice  until  the 
publication  of  bis  second  essay  in  1816.  The  chemists  who  have 
aince  cultivated  this  department  with  most  success  are  M.  Robiquet, 
and  MM.  Pelletier  and  Caventou. 

All  the  vegetable  allialies,  according  to  the  researches  of  Pelletief 
and  Dumas,  consist  of  carbon,  hydrogen,  oxygen,  and  nitrojgen* 
(An.  de  Ch.  et  de  Ph.  vol.  xxiv.)  They  are  decomposed  with  facil* 
ity  by  nitric  acid  and  by  heat,  and  ammonia  is  always  one  of  the  pro- 
ducts of  the  destructive  distillation.  They  never  exist  in  an  insulat^ 
stale  in  the  plants  which  contain  them  ;  but. are  apparently  in  every 
case  combioed  with  an  acid,  with  which  they  form  a  salt  more  or  less 
Boluble  in  water.  These  alkalies  are  for  the  most  part  very  insoluble 
In  water,  and  of  sparing  solubility  in  cold  alcohol ;  but  they  are  all 
readily  dissolved  by  that  fluid  at  a  boiling  temperature,  being  deposited 
from  the  solution,  commonly  in  the  form  of  crystals,  on  cooling.  Mos( 
of  the  salts  are  far  more  soluble  in  water  than  the  alkalies  themselves^ 
and  several  of  them  are  remarkable  for  their  solubility. 

As  the  vegetable  alkalies  agree  in  several  of  their  leading  chemical 
properties,  the  mode  of  preparing  one  of  them  admits  of  being  applied 
with  slight  variation  to  all.  The  general  outline  of  the  method  is  aa 
follows. — The  substance  containing  the  alkaline  principle  is  digested, 
-or  more  commonly  macerated,  in  a  large  quantity  of  water,  which  dis- 
folves  the  salt,  the  base  of  which  is  the  vegetable  alkali.  On  adding 
some  more  powerful  salifiable  base,  such  as  potassa  or  ammonia,  or 
boiling  the  solution  for  a  few  minutes  with  lime  or  pure  magnesia,  the 
vegetable  alkali  is  separated  from  its  acid,  and  being  in  that  state  inso* 
luble  in  water,  may  be  collected  on  a  filter  and  washed.  As  thus 
procured,  however,  it  is  impure,  retaining  some  of  the  other  princi- 
ples, such  as  the  oleaginous,  resinous,  or  colouring  matters,  with  which 
it  is  associaited  in  the  plant.  To  purify  it  from  these  substances,  it 
8hould*be  mixed  with  a  little  animal  charcoal,  and  dissolved  in  boiling 
alcohol.  The  alcoholic  solution,  which  is  to  be  filtered  while  hot, 
yields  the  pure  alkali,  either  on  cooling  or  by  evaporation ;  and  if  not 
quite  colourless,  it  should  again  be  suEjected  to  the  action  of  alcohol 
and  animal  charcoal.  In  order  to  avoid  the  necessity  of  employing  a 
large  quantity  of  alcohol,  the  following  modification  of  the  process 
may  be  adopted;  The  vegetable  alkali,  after  being  precipitated  and 
collected  on  a  filter,  is  made  to  unite  with  some  acid,  such  as  the 
acetic,  sulphuric,  or  muriatic,  and  the  solution  boiled  with  animal 
charcoal,  until  the  colouring  matter  is  removed.  The  alkali  is  then 
precipitated  by  ammonia  or  some  other  salifiable  base. 

Morphia. 

Opium  contains  a  great  diversity  of  different  principles,  among 
which  the  following  may  in  particular  be  enumerated : — morphia, 
meconic  acid,  natcotine,  gummy  resinous  and  extractive  colouring 
matters,  lignin,  fixed  oil,  and  a  small  quantity  of  caoutchouc.  On 
infusing  opium  in  water,  several  of  these  principles  are  dissolved,  and 
especially  the  meconate  of  morphia,  together  with  narcotine,  whiqh 
is  likewise  rendered  soluble  by  an  acid. 

One  of  the  best  processes  for  preparing  pure  morphia  is  that  recom- 
mended by  M.  Robiquet.  (An.  de  Ch.  et  de  Ph.  vol.  v.)  The  con- 
eentrated  infusion  of  a  pound  of  opium  is  boiled  for  a  quarter  of  an 
hour  with  about  150  grains  of  pure  magnesia,,  and  the  grayish  crys- 
talline precipitate  ,  which  consists  of  the  meconateof  magnesia,  mor- 
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{»hia,  narcotfoe,  colouring  matter,  and  the  excefs  of  magnesia,  is  coI« 
ecied  on  a  filter  and  edulcorated  with  cold  water.  This  powder  is 
then  digested  at  a  temperature  of  120"  or  130**  F.  in  dilute  alcohol, 
which  removes  the  nar^otioe  and  the  greater:  part  of  the  colouring 
matter.  The  morphia  is  then  taken  up  by  concentrated  boiling  aico* 
hoi,  and  is  deposited  in  crystals  on  cooling.  Dr  Christison  informs 
me  that  by  this  process,  conducted  in  the  laboratonr  of  M.  Robiquet« 
he  procured  three  drachms  and  a  half  of  morphia  from  half  a  pound 
of  a  rery  pure  specimen  of  the  best  Turkey  opium. 

Dr  Thomson  proposes  to  precipitate  the  morphia  by  ammonia,  and 
to  purify  it  by  solution  in  acetic  acid  and  digestion  with  animal  char* 
coal.  (Annals  of  Phil.  vol.  xv.)  This  process  is  very  convenient,  but 
I  doubt  if  it  gives  so  large  a  product  as  the  foregoing.  The  animal 
charcoal  should  be  deprived  of  phosphate  of  lime  by  muriatic  acid  be- ' 
fore  being  used. 

Pure  morphia  crystallizes  readily  when  its  alcoholic  solution  is  eva- 
porated, and  yields  colourless  crystals  of  a  brilliant  lustre.  They  mostly 
occur  in  irregular  six-sided  prisms  with  dihedral  summits ;  but  their 
primary  form  is  a  right  rhombic  prism,  of  which  the  lateral  planes  only 
appear  in  the  crystals.  (Brooke.)  It  is  almost  wholly  insoluble  in 
cold,  and  to  very  small  extent  in  hot  water.  It  is  soluble  in  strong 
alcohol,  especially  by  the  aid  of  heat.  In  its  pure  state,  it  has  scarcely 
any  taste  ;^but  when  rendered  soluble  by  combining  with  an  acid  or  by 
solution  in  alcohol,  it  is  intensely  bitter.  It  has  an  alkaline  reaction, 
and  combines  with  acids,  forming  neutral  salts,  which  are  far  more 
soluble  in  water  than  morphia  itself,  and  for  the  most  part  are  capable 
of  crystallizing. 

Strong  nitric  acid  decomposes  morphia,  forming  a  red  solution,  which 
by  the  continued  action  of  the  acid  acquires  a  yellow  colour,  and  is 
ultimately  converted  into  oxalic  acid.  This  circumstance  was  first 
noticed  by  Pelletier  and  Caventou ;  but  it  is  not  peculiar  to  morphia, 
since  nitric  acid  has  a  similar  e£fect  on  strychnia. 

Morphia  is  the  narcotic  principle  of  opium.  When  pure,  owing  to 
its  insolubility,  it  is  almost  inert;  for  M.  Orfila  gave  twelve  erains  of 
it  to  a  dog  without  its  being  followed  by  any  sensible  effect*.  In  a  state 
of  solution,  on  the  contrary,  it  acts  on  the  animal  system  with  great 
energy,  Sertuemer  having  noticed  alarming  symptoms  from,  so  small 
a  quantity  as  half  a  grain.  From  this  it  appears  to  follow  that  the 
effects  of  an  overdose  of  a  salt  of  morphia  may  be  prevented  by  giving 
a  dilute  solution  of  ammonia,  or  an  alkaline  carbonate,  so  as  to  preci- 
pitate the  vegetable  alkali.  When  carefully  administered,  morphia 
may  be  .employed  very  advantageously  in  the  practice  of  medicme; 
since,  according  to  Magendie,  it  produces  the  soothing  effects  of 
opium,  without  causing  the  feverish  excitement,  heat,  and  headacb, 
which  so  frequently  accompany  the  employment  of  that  drug.  The 
best  mode  of  exhibiting  it,  is  in  the  form  of  acetate  of  morphia,  a  salt 
which  is  very  soluble  in  water,  and  crystallizes  in  divergent  prisms  by 
evaporation.    The  basis  of  Battley*s  sedative  liquor  Is  supposed  to  be 

*  Judging  from  my  own  experience,  I  cannot  believe  that  Orfila  is 
accurate  in  asserting  that  pure  morphia  is  nearly  inert :  I  have  myself 
employed  it  on  several  occasions  with  very  marked  effects.  Even  ad- 
mitting that,  as  a  general  rule,  insoluble  substances  have  no  action  on 
the  animal  economy,  it  may  be  a  question  whether  morphia  is  not  dis- 
solved  by  the  acid  which  it  meets  with  in  the  stomach.  B. 
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aeetate  of  moiphia.  This  eomponnd,  from  being  ioodonras,  tnd  there- 
fore less  easify  detected  than  opiam,  has  been  employed  for  criminal 
Sorposes,  and  M.  Lassaiene  has  described  the  following  method  for 
iscovering  its  presence.  (An  de  Ch.  et  de  Ph.  nv.  102.)  The  sus- 
pected solution  is  evaporated  by  a  temperature  of  212°,  and  the  residue 
treated  with  alcohol,  by  which  the  acetate  of  morphia,  together  with 
osmazome  and  some  salts,  is  dissolyed.  The  alcohol  is  next  evapo- 
rated, and  water  added  to  separate  some  fatty  matter.  The  aqueous 
solution  is  then  set  aside  for  spontaneous  evaporation,  during  which 
the  acetate  of  morphia,  if  present,  crystallizes  in  divergent  prisms  of 
a  yellowish  colour.  The  salt  is  recognised  by  its  bitter  taste,  by  yield- 
ing a  precipitate  with  ammonia,  by  the  disengagement  of  acetic  acid 
on  the  addition  of  concentrated  sulphuric  acid,  and  by  the  orange-red 
colour  developed  by  nitric  acid. 

The  composition  of  morphia,  as  will  appear  from  the  following  num- 
bers, has  been  stated  differently  by  different  chemists.  The  specimen 
analyzed  by  Dr  Thomson  must  surely  have  been  impure. 

PeUetier  and  Dumaa,    Buaay,  Brande,       JAomson. 


Carbon 

72.02 

69.0 

72.0        i 

44.72 

Oxygen 

14.84 

20.0 

17.0 

49.69 

Hydrogen     . 
Nitrogen       . 

7.61. 

6.b 

5.5 

5.59 

5.53 

4.5 

5.5 

0.00 

100  ,.100  100  100 

Meeonie  jfeid.*— This  add  was  procured  by  M.  Robi(]uet  from  the 
magnesian  precipitate  above  mentioned,  after  the  morphia  had  been 
separated  from  it.  The  meconate  of  magnesia  Is  dissolved  in  dilute 
sulphuric  acid,  and  muriate  of  baryta  is  then  added,  which  throws 
down  the  sulphate  and  meconate  of  that  base.  By  acting  on  this 
precipitate  with  dilute  sulphuric  acid,  the  meconic  acid  is  set  free,  and 
crystallizes  when  its  solution  is  evaporated.  As  it  retains  colouring 
matter  very  obstinately,  it  should  be  purified  by  sublimation.  Meconic 
acid  may  easily  be  prepared,  as  recommended  by  Dr  Hare,  by  precipi- 
tating the  acid  from  an  aqueous  infusion  of  opium  with  acetate  of  lead, 
and  decomposing  the  insoluble  meconate  of  lead,  while  diffused 
through  water,  by  a  current  of  sulphuretted  hydrogen  gas.  The  fil- 
tered solution  yields  crystals  of  meconic  acid  by  evaporation. 

Meconic  acid  has  a  sour,  followed  by  a  bitter  taste,  reddens  litmus 
paper,  and  is  very  soluble  both  in  water  and  alcohol.  It  is  character- 
ized by  giving  a  red  colour  to  a  salt  of  the  peroxide  df  iron,  and  commu- 
nicates an  emerald  green  tint  to  sulphate  of  copper.  It  exerts  no 
action  on  the  animal  system.  Its  presence  even  in  a  dilute  solution 
of  opium  may  be  detected  by  acetate  of  lead.  The  insoluble  meconate 
of  lead,  which  subsides,  is  decomposed  by  sulphuric  acid ;  and  on  add- 
ing a  persalt  of  iron,  the  red  colour  caused  by  the  free  meconic  acid 
makes  its  appearance. 

JVareotine. — This  substance,  though  not  regarded  as  a  vegetable 
alkali,  may  be  conveniently  noticed  in  connection  with  morphia.  It 
was  particularly  descif bed  in  1803  by  Derosne,  and  was  long  known  by 
the  name  of  f^e  salt  of  Derosne.  Sertuemer  supposed  it  to  ne  the  me- 
conate of  morphia ;  but  M.  Robiquet  proved  that  it  is  an  independent 
principle,  and  applied  to  it  the  name  tii  nearcotine.  It  is  easily  pre- 
pared by  evaporating  an  aqueous  infusion  of  opium  to  the  consistence 


*  Hunmir  papaeer, 
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of  tn  extract,  and  digesting  it  in  sulphuric  ether.  This  solvent,  which 
does  not  act  on  the  mecooate  oC  morphia,  takes  up  all  the  narcotine, 
and  deposites  it  in  acicular  crystals  by  evaporation,  and  the  extract,  of 
opium,  thus  deprived  of  narcotioe,  may  be  advantageously  employed 
in  medical  practice.  Morphia  may  be  purified  from  narcotine  in  the 
same  manner. 

Pure  narcotine  is  insoluble  in  cold  and  very  slightly  soluble  in  hot 
water.  It  dissolves  in  oil,  ether,  and  alcohol,  the  latter,  though 
diluted,  acting  as  a  solvent  for  it  by  the  aid  of  heat.  It  does  not 
possess  alkaline  properties,  though  it  is  rendered  soluble  in  water  by 
means  of  an  acid.  Its  presence  in  an  aqueous  solution  of  opium 
seems  owing  to  a  free  acid,  which  M.  Robiquet  imagines  to  be  differ- 
ent from  the  mecooic.  Like  the  vegetable  alkalies,  nitrogen  enters 
into  its  constitution. 

The  unpleasant  stimulating  properties  of  opium  are  attributed  by 
Magendie  to  the  presence  of  narcotine  the  ill  effects  of  which,  accord- 
ing to  the  experiments  of  the  same  physiologist,  are  in  a  great  degree 
countettnstvd  by  ac^ti*  acid.  These  results,  though  they  require  con- 
firmation, render  it  probaitle  that  the  superiority  assigned  to  the  black 
drop  over  the  common  tincture  of  opium  of  the  Pharmacopceia  is 
owing  to  the  vegetable  acids  which  enter  into  its  composition. 

Cinchonia  and  ^i^uinia. 

The  existence  of  a  distinct  vegetable  ^Jrinciple  in  cinchona  bark 
was  inferred  by  Dr  Duncan,  junior,  in  the  year  1803,  who  ascribed  to 
it  the  febrifuge  virtues  of  the  plant,  and  proposed  for  it  the  name  ot 
cinchonin*,  Dr  Gomez  of  Lisbon,  whose  attention  was  directed  to 
the  subject  by  the  researches  of  Dr  Duncan,  succeeded  in  procuring 
cinchonin  in  a  separate  state ;  but  its  alkaline  nature  was  first  discov- 
ered in  1820  by  MM.  Pelletier  and  Caventou.  It  has  been  fully  estab- 
lished by  the  labours  of  tliose  chemists  that  the  febrifuge  property  of 
bark  is  possessed  by  two  alkalies,  the  etnchonia  or  cinchonin  of  Dr 
Duncan,  and  quinia,  both  of  which  are  combined  with  kinic  acid. 
These  principles,  though  very  analogous,  are  distinctly  different, 
standing  in  the  same  relation  to  each  other  as  potassa  and  soda.  The 
former  exists  in  the  CHnchona  condaminea,  or  pale  bark ;  the  latter  is 
present  in  the  C.  cordifolia,  or  yellow  bark;  and  they  are  both  con-^ 
tained  in  the  C.  oblongifolia,  or  red  bark.  They  were  procured  by 
Pelletier  and  Caventou  by  a  process  similar  to  that  of  M.  Robiquet  for 
preparing  morphiaf ;  and  slight  modifications  of  the  method  have  been 
proposed  byM.  BadoUierand  M*Voreton}.  From  one  pound  of  yellow 
bark,  M.  Voreton  procured  80  grains  of  quinia,  which  is  neariy  1.4  per 
cent. 

Pure*  cinchonia  is  white  and  crystalline,  requires  2500  times  its 
weight  of  boiling  water  for  solution,  and  is  insoluble  in  cold  water. 
Its  proper  menstruum  is  boiling  alcohol ;  but  it  is  dissolved  in  small 
quantity  by  oils- and  ether.  Its  taste  is  bitter,  though  slow  in  being 
perceived,  on  account  of  its  insolubility ;  but  when  the  alkali  is  dis- 
solved by  alcohol  or  an  acid,  the  bitterness  is  very  powerful,  and  ac- 
companied by  the  flavour. of  cinchona  bark.  Its  alkaline  properties 
are  exceedingly  well  marked,  since  it  neutralizes  the  strongest  acids. 
The  sulphate,  muriate,  nitrate,  and  acetate  of  cinchonia  are  soluble  in 


*  Edinburgh  New  Dispensatory,  11th  edit.  p.  299,  or  Nicholson** 
Journal  for  1803. 
t  Ann.  de  Ch.  et  de  Ph.  vol.  xv.  |  Ibid.  vol.  zvU. 
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wnter,  and  the  sulphate  crystallizes ^n  very  short  six-sided  prisms, 
derived  from  an  oblique  rhomboidal  prism.  It  commonly  occurs  in 
twin  crystals.  The  neutral  tartrate,  oxalate,  and  gallate  of  cinchonia 
are  insoluble  in  cold,  but  may  be  dissolved  by  hot  water,  or  by  alcohol. 

Quinia,  which  was  discovered  by  Pelletier  and  Caventou,  does  not 
crystallize  like  cinchonia  when  precipitated  from  its  solutions,  but  it 
has  a  white,  porous,  and  rather  flocculent  aspect.  It  is  very  soluble  in 
alcohol,  forming  a  solution  which  is  intensely  bitter,  and  possesses  a|r 
distinct  alkaline  reaction.  Ether  likewise  dissolves  it,  but  itis  almost 
insoluble  in  water.  Its  febrifuge  virtues  are  more  powerful  than  those 
of  cinchonia,  and  It  is  now  extensively  employed  in  the  practice  of 
medicine.  It  is  most  commonly  exhibited  In  the  form  of  the  sulphate, 
a  salt  of  such  activity,  that  three  grains  have  been  known  to  cure  an 
intermittent  fever.  This  salt,  which  consists  of  90  parts  of  the  alkali 
and  10  of  the  acid,  crystallizes  in  delicate  white  needles,  having  the 
appearance  of  amianthus.  It  is  less  soluble  in  water  than  the  sulphate 
of  cinchonia,  but  is  very  bitter.  It  dissolves  readily  in  strong  alcohol 
by  the  aid  of  heatj  a  character  which  affords  a  useful  test  of  its  purity. 

The  analyses  of  different  chemists,  relative  to  the  composition  of 
cinchonia  and  quinia,  do  not  correspond  better  than  those  of  morphia, 
as  appears  by  the  following  results : — 

Pelletier  and  Dumas,  Brande, 


Cinchonia, 

Quinia, 

Cvnehonia, 

Quinia, 

Carbon    .    76.97 

75.02 

79.30 

73.80 

Oxygen   .      7.79 

10.43 

0.00 

5.55 

Hydrogen      6.22 

6.66 

7.17 

7.65 

Nitrogen        9.02 

8.45 

13.72 

13.00 

100.00 

100.56 

100.19 

100.00 

The  neutral  gallate,  tartrate,  and  oxalate  of  quinia,  like  the  analo- 
gous salts  of  cinchonia,  are  insoluble  in  cold  water. 

From  the  new  facts  which  have  been  ascertained  relative  to  the  con- 
stituents of  bark,  the  action  of  chemical  tests  on  a  decoction  of  this 
substance  is  now  explicable.  According  to  the  analysis  of  Pelletier 
and  Caventou,  the  different  kinds  of  Peruvian  bark,  besides  the  kinate 
of  cinchonia  or  quinia,  contain  the  following  substances : — a  greenish 
fatty  matter;  a  red  insoluble  matter ;  a  red  soluble  principle,  which  is 
a  variety  of  tannin ;  a  yellow  colouring  matter ;  kinate  of  lime ;  gum, 
starch,  and  lignin.  It  is  hence  apparent  that  a  decoction  of  bark, 
owing  to  the  tannin  which  it  contains,  may  precipitate  a  solution  of 
tartar  emetic,  of  gelatin,  or  a  salt  of  iron,  without  containing  a  trace 
of  the  vegetable  alkali,  and  consequently  without  possessing  any 
febrifuge  virtues. 

An  infusion  of  gall-nuts,  on  the  contrary,  causes  a  precipitate 
only  by  its  gallic  acid  uniting  with  cinchonia  or  quinia,  and,  there- 
fore, affords  a  test  for  distinguishing  a  good  from  an  inert  variety  of 
bark. 

Strychnia. — Brucia. 

Strychnia. — Strychnia  was  discovered  in  1818  by  Pelletier  and 
Caventou  in  the  fruit  of  the  Stryehnos  ignatia  and  Stryehnoa  nux 


*  See  Ann.  de  Chlm.  et  de  Phys.  zxiv.  p.  163. 
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9amiea,  and  has  sinee  been  eiUnieted  by  the  fame  cbemiat  from  iht 
Upas.  (Ad.  de  Ch.  et  de  Pb.  vols.  z.  and  xxvi.) 

Tbe  most  economical  process  for  preparing  this  alkali  is  that  reeom- 
meoded  by  M.  Corriol.  (Joumai  de  Pharmacie  for  October  1825,  p. 
492.)  It  consists  in  treating  ftuo;  vd»m«Mi  with  successive  portkMtt  of 
cold  water,  evaporating  this  solution  to  tbe  consistence  of  syrup,  and 
precipitating  tbe  gum,  which  is  present,  by  alcohol.  The  alcoholic 
%  solution  is  Uien  evaporated  to  the  consistence  of  an  extract  by  the 
heat  of  a  water-bath.  The  extract,  which  consist  almost  entirely  of 
the  i^asurate  of  strychnia,  is  dissolved  by  cold  water,  and  by  this  means 
deprived  of  a  little  fatty  matter,  which  had  originally  been  dissolved, 
probably  through  the  medium  of  the  gum.  The  solution  is  next 
heated,  and  the  strychnia  precipitated  by  a  slight  excess  of  lime- 
water,  and  then  dissolved  by  boiling  alcohol.  On  evaporating  tbe 
spirit,  the  alkali  is  obtained  pure,  except  in  containing  a  little  bracia 
and  colouring  matter,  both  of  whicli  are  effectually  removed  by 
maceration  in  dilute  alcohol. 

Strychnia  is  very  soluble  in  boiling  alcohol,  and  is  procured  In 
.  minute  four-sided  prisms'  by  allowing  the  solution  to  evaporate 
spontaneously.  It  is  almost  insoluble  in  water,  requiring  more  than 
6000  parts  of  cold  and  2500  of  boiling  water  for  solution ;  but  not- 
withstanding its  sparing  solubility,  it  excites  an  insupportable  bitter- 
ness in  tbe  mouth.  Water  containing  only  1 -600,000th  of  its  weight 
of  strychnia  has  a  bitter  taste.  It  has  a  distinct  alkaline  reaction, 
and  neutralizes  acids,  forming  salts,  most  of  which  are  soluble  in  wa- 
ter. It  is  united  in  the  nux  vomica  and  St  Ignatius's  bean  with  iga- 
auric  acid.  (Page  441.)  By  the  action  of  strong  nitric  acid,  it  yields  a 
red  colour;  but  it  appears  probable,  from  some  recent  observatiooe 
of  Pelletier  and  Caventou,  that  the  red  tint  is  owing  to  tbe  presence 
of  some  impurity. 

Strychnia  is  one  of  th*  most  virulent  poisons  hitherto  discovered, 
and  is  the  poisonous  principle  of  the  substance  in  which  it  is  contained. 
Its  energy  is  so  great,  that  half  a  grain  blown  into  the  throat  of  a  rab- 
bit occasioned  death  in  the  course  of  five  minutes.  Its  operation  is 
always  accompanied  with  symptoms  of  locked  jaw  and  other  tetania 
affections. 

Strychnia,  according  to  the  analysis  of  Pelletier  and  Dumas,  is 
composed  of  78.22  of  carbon,  6.88  of  oxygen,  6.54  of  hydrogen,  aad 
8.92  of  nitrogen. 

JSrticta.— This  alkali  was  discovered  in  the  Brtteea  antidi^enteriea 
by  Pelletier  and  Caventou  soon  after  their  discovery  of  strychnia, 
(An.  de  Gh.  et  de  Ph.  vol.  xii.);  and  it  likewise  exists  in  small  ^an- 
tity  in  the  St  Ignatius's  bean  and  nux  vomiaz.  In  its  bitter  taste 
and  poisonous  qualities,  it  is  very  similar  to  strychnia,  but  is  twelve 
or  sixteen  times  less  energetic  than  that  alkali.  It  is  soluble  beft  la 
hot  and  cold  alcohol,  especially  in  the  former;  and  it  «iystalUzes 
when  its  solution  is  evaporated.  Even  dilute  alcohol  by  aid  of  heat 
dissolves  it,  and  on  this  property  is  founded  the  method  of  separating 
it  from  strychnia.  It  is  more  soluble  in  water  than  most  of  the  other 
vegetable  alkalies,  requiring  only  860  times  its  weight  of  cold,  a&d 
500  of  boiling  water  for  solution.  It  is  composed  of  75.04  of  carbon, 
11.21  of  oxygen,  6.52  of  hydrogen,  find  7.22  of  nitrogen. 

VeraJtria,  Emetia,  Picrotoxia,  Solania,  DdphHoj  fye. 

PVrolrta.— The  medicinal  properties  of  the  seeds  of  the  VertOnun 
tabadUla^  and  the  root  of  the  Verairum  mUnam  or  white  hellebore. 
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and  Colehieiim  autumnale  or  meadow  safiron,  are  owing  to  the 
peculiar  alkaline  principle  veratria,  which  was  discovered  by  Pelletier 
and  Caventou  in  1819,  and  may  be  extracted  by  the  usual  process. 
(Journal  de  Pbarmacte,  vol.  yi.)  This  alkali,  which  appears  to  exist 
hi  those  plants  in  combination  with  gallic  acid,  is  white  and  pulveru* 
lent,  inodorous,  and  of  an  acrid  taste.  It  requires  1000  times  its 
weight  of  boiling,  and  still  more  of  cold  water  for  solution.  It  is  very 
soluble  in  alcohol,  and  may  also  be  dissolved,  though  less  readily,  by 
means  of  ether.  It  has  an  alkaline  reaction,  and  neutralizes  acids ; 
but  it  IS  a  weaker  base  than  morphia,  quinia,  or  strychnia.  It  acts 
^  with  singular  energy  on  the  membrane  of  the  nose,  exciting  violent 
sneeeings  though  in  very  minute  quantity.  When  taken  internally  in 
very  small  doses,  it  produces  excessive  irritation  of  the  mucous  coat 
of  the  stomach  and  intestines ;  and  a  few  grains  were  found  to  be  fatal 
to  the  lower  animals.  ^ 

Veratria,  according  to  the  analysis  of  Pelletier  and  Dumas,  consists 
of  66.76  of  carbon»  19.6  of  oxygen,  8.54  of  hydrogen,  and  6.04  of 
nitrogen. 

Emetia. — Ipecacuanha  consists  of  an  oily  matter,  gum,  starch,  lig- 
oin,  and  a  peculiar  principle,  which'  was  discovered  in  1817  by  M. 
Pelletier,  and  to  which  he  has  applied  the  name  of  emetine.  (Journal 
de  Pharmacie,  vol.  iii.)  This  substance,  of  which  ipecacuanha  con- 
tains 16  per  cent,  appears  to  be  the  sole  cause  of  the  emetic  properties 
of  that  root,  and  is  procured  by  a  process  similar  to  that  for  preparing 
the  other  vegetable  alkalies. 

£metia  is  a  white  pulverulent  substance,  of  a  rather  bitter  and  disa- 
greeable taste,  sparingly  soluble  in  cold,  but  more  freely  in  hot  water, 
and  insoluble  in  ether.  It  is  readily  dissolved  by  alcohol.  At  122^  it 
fuses.  It  has  a  distinct  alkaline  reaction,  and  neutralizes  acids ;  but  its 
salts  are  little  disposed  to  crystallize.  (An.  de  Ch.  et  de  Ph.  vol.  xxiv.  p. 
181.)  According  to  Pelletier  and  Dumas,  it  consista  of  carbon  64.67, 
oz^en  22.95,  hydrogen  7.77,  and  nitrogen  4.3. 

Kcrotoxia. — The  bitter  poisonous  principle  of  the  eocadtu  indieui 
was  discovered  10^^819  by  M.  Boullay,  who  gave  it  the  name  oipicro- 
toxine.  Its  claim  to  the  title  of  a  vegetable  alkali,  among  which  class 
of  bodies  it  was  placed  by  its  discoverer,  has  been  called  in  question 
by  M.  Casaseca,  from  whose  remarks  it  seems  that  picrotoxia  has  no 
eUcaline  reaction,  and  does  not  neutralize  acidity.  It  combines,  how- 
ever, with  acids,  and  with  the  acetic  and  nitric  acids  forms  crystalli- 
zable  compounds.  It  appears,  also,  that  the  menispermic  acid,  sup- 
posed by  M.  Boullay  to  be  united  in  the  eoceiUus  indieus  with  picro- 
toxia, is  merely  a  mixture  of  sulphuric  and  malic  acids.  (Edinburgh 
Journal  of  Science,  No.  x. )  ^ 

Corydalin. — This  alkali,  discovered  by  Dr  Wackenroder,  is  contain- 
ed in  the  root  of  the  fumitory,  (not  the  common  fumitory,  fumaria 
offieinali8,  hut)  fumaria  cava,  and  eorydalis  tuberosa  of  Decandolle. 
It  exists  in  the  plant  as  a  soluble  malate,  and  is  precipitated  from  its 
aqueous  solution  in  the  usual  manner,  and  purified  by  alcohol. 

It  is  soluble  in  alcohol,  and  the  hot  saturated  solution  in  cooling 
yields  colouriess  prismatic  crystals  of  a  line  in  length.  By  spontane- 
ous evaporation  fine  laminas  are  formed.  It  is  likewise  soluble  in  ether, 
but  very  sparingly  in  water.  It  is  insipid  and  inodorous ;  but  when 
dissolved  by  acids  or  alcohol  it  is- very  bitter.  Its  solution  has  an  al- 
kaline reaction,  and  it  neutralizes  acids.  Cold  dilute  nitric  acid  dis- 
solves it  and  yields  a  colourless  solution ;  but  when  heated  it  acquires 
a  red  tint,  and  becomes  blood-red  when  concentrated.  Its  salts  are 
precipitated  by  potassa,  pure  or  carbonated,  and  by  infusion  of  gali- 
N  n  2 
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iHits.  The  pneiplCite  Ui  white  when  the  solation  ia  dilate,  and  my- 
lih  yellow  if  eoneentnted.  (Phflos.  BCaeazine  and  Annals,  iv.  158.). 

&tema.— The  active  principle  of  the  Solarium  duleamara, 
m  woody  nightshade,  was  procured  in  a  pure  state  by  Desfosses. 
This  compound  has  distinct  allcaline  properties,  and  is  combined  in  the 
plant  with  malic  acid.  (Journal  de  Pharmacie,  vol.  vi.  and  vii.) 

Cfmonia. — Professor  Ficinus  of  Dresden  has  discovered  a  new  al- 
kali in  the  JEthuia  Cynafiumf  or  lesser  hemlock,  to  which  he  has 
given  the  name  of  Cfynopia*  It  is  crystallizable,  and  soluble  in  water 
and  alcohol,  but  not  m  ether.  The  crystals  are  in  the  form  of  a  rhom- 
bic prism,  which  is  also  that  of  the  crystals  of  the  sulphate. 

Delphia, — ^TUs  substance  was  discovered  in  the  Delphinium  sto- 
phyMOgria^  or  staveaacre,  by  MM.  Feneuille  and  Lassaigne.  It  pos- 
sesses the  general  characters  of  the  vegetable  alkalies.  (An.  de  Ch.  et 
de  Ph.  vol.  xii.) 

AUhea  was  announced  b^  M.  Bacon  of  Caen  as  a  new  vegetable 
alkali,  said  to  be  procured  from  the  root  of  the  marsh  mallow.  (Althaea 
officinalis.)  According  to  M.  Plisson,  this  alkali  has  no  existence,  and 
what  was  thought  to  be  supermalate  of  althea  is  asparagin. 

Besides  the  vegetable  alkalies,  already  described,  it  has  been  ren- 
dered highly  probable,  chiefly  by  the  researches  of  M.  Brandos,  that 
several  other  plants,  such  as  the  Atropa  belladonna,  Conium  maeu^ 
latum,  Byo»eyamu8  niger.  Datura  stramonium,  and  Digitdlia,  owe 
their  activity  to  the  presence  of  an  alkali. 


SECTION  III. 
substjuwes  whicb,  vv  bblatiojv  to  oxtobjv, 

COJVTAW  jUV  excess  OF  BTDBOGEjy. 

OUa. 

Oils  are  characteriased  by  a  peculiar  unctuous  feel,  by  inflammability, 
and  by  insolubility  in  water.  They  are  divided  into  the  fixed  and  vola- 
tile oils,  the  former  of  which  are  coroparatively  fixed  in  the  fire,  and, 
therefore,  give  a  permanently  greasy  stain  to  paper ;  while  the  latter, 
owing  to  their  volatility,  produce  a  stain  which  disappears  by  gentle 
heat. 

Fixed  Oila, — The  fixed  oils  are  usually  contained  in  the  seeds  of 
plants,  as  for  example  in  the  almond,  linseed,  rapeseed,  and  poppy 
seed ;  but  olive  oil  is  extracted  from  the  pulp  which  surrounds  the 
stone.  They  are  procured  by  bruising  the  seed,  and  subjecting  the 
pulpy  matter  to  pressurein  hempen  bags,  a  gentle  heat  being  gene- 
rally employed  at  the  same  time  to  render  the  oil  more  limpid. 

Fixed  oils,  the  palm  oil  excepted,  are  fluid  at  common  temperatures, 
are  nearly  inodorous,  and  have  little  taste.  They  are  lighter  than  wa- 
ter, their  density  in  general  varying  from  0.9  to  0.96.  They  are  cooi- 
monly  of  a  yellow  colour,  but  may  be  rendered  nearly  or  quite  colour- 
less by  the  action  of  animal  charcoal.  At  or  near  the  temperature  of 
600**  F,  they  begin  to  boil,  but  suffer  partial  decomposition  at  the  same 
time,  an  inflammable  vapour  being  disengaged  even  below  600**, 
When  heated  to  redness  in  close  vessels,  a  large  quantity  of  the  com- 
*  ■utible  compounds  of  carbon  and  hydrogen  are  formed,  together  with 
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the  •ther  pNtdaeti  tf  the  destructive  distfllfttion  of  vegetable  sub* 
■tanees ;  tod  in  the  open  air  they  bam  with  a  clear  white  light,  and 
fiwrmation  of  water  and  carbonic  acid.  They  mav  hence  be  employed 
for  the  purposes  of  artificial  illumination,  as  well  in  lamps,  as  for  the 
manufacture  of  gas. 

Fixed  oils  undergo  considerable  change  by  exposure  to  the  air.  The 
rancidity  which  then  takes  place  is  occasioned  by  the  mucilaginous 
matters  which  they  contain  becoming  acid.  From  the  operation  of 
the  same  cause,  thev  gradually  lose  their  limpidity,  and  some  of  them, 
which  are  hence  called  drying  oils,  become  so  dry,  thatthe^  no  longer 
feel  unctuous  to  the  touch  nor  give  a  stain  to  paper.  This  property, 
for  which  linseed  oil  is  remarkable,  may  be  communicated  quickly  by 
heating  the  oil  in  an  open  vessel.  The  drying  oils  are  employed  for 
making  oil  paint,  and  mi^edhvith  lampblack  constitute  printers'  ink. 
During  the  process  of  drying,  oxygen  is  absorbed  in  considerable 
quantity. 

The  absorption  of  oxygen  by  fixed,  and  especially  by  drying  oils.  Is 
under  some  circumstances  so  abundant  and  rapid,  and  accompanied 
with  such  free  disengagement  of  caloric,  that  light  porous  combustible 
materials,  such  as  lampblack,  hemp,  or  cotton-wool,  may  be  kindled 
by  it.  Substances  of  this  kind,  moistened  with  linseed  oil,  have  been 
known  to  take  fire  during  the  space  of  24  hours,  a  circumstance  which 
has  repeatedly  been  the  cause  of  extensive  fires  in  warehouses  and 
in  cotton  manufactories. 

Fixed  oils  do  not  unite  with  water,  but  they  may  be  permanently 
suspended  in  that  fluid  by  means  of  mucilage  or  sugar,  so  as  to  con- 
stitute an  emuUion,  They  are  for  the  most  part  very  sparingly  solu- 
ble in  alcohol  and  ether.  Strong  sulphuric  acid  thickens  the  meed  oils, 
and  forms  with  them  a  tenacious  matter  like  soap ;  and  they  are  like- 
wise rendered  thick  and  viscid  by  the  action  of  chlorine.  Concen- 
trated nitric  acid  acts  upon  them  with  great  energy,  giving  rise  In 
some  instances  to  the  production  of  flame. 

Fixed  oils  unite  with  the  common  metallic  oxides.  Of  these  com- 
pounds, the  most  interesting  is  that  with  the  oxide  of  lead.  When 
linseed  oil  is  heated  with  a  small  quantity  of  litharge,  a  liquid  results 
which  is  powerfully  drying,  and  is  employed  as  oil  varnish.  Olive 
oil  combined  with  half  its  weight  of  litharge  forms  the  common  dia- 
chylon plaster. 

The  fixed  oils  are  readily  attacked  by  alkalies.  With  ammonia,  oil 
forms  a  soapy  liquid,  to  which  the  name  of  volaHle  liniment  is  ap- 
plied. The  fixed  alkalies,  boiled  with  oil  or  fat,  glv6  rise  to  the  soap 
employed  for  washing,  the  soft  inferior  kind  being  made  with  potassa, 
and  the  hard  with  soda.  The  chemical  nature  of  soap  has  of  late 
years  been  elucidated  by  the  labours  of  M.  Chevreul.  This  chemist 
has  found  that  fixed  oils  and  fats  are  not  pure  proximate  principles, 
but  consist  of  two  substances,  one  of  which  is  solid  at  common  tern* 
peratures,  while  the  other  is  fluid.  To  the  former  he  has  applied  the 
name  of  stearine  from  ff-rtAg  suet,  and  to  the  latter,  elaine  from 
iKAiof  oil.  Stearine  is  the  chief  ingredient  of  suet,  butter,  and  lard, 
and  is  the  cause  of  their  solidity;  whereas  oils  contain  a  greater  pro- 
portional quantity  of  elaine,  and  are  consequently  fluid.  These  prin- 
ciples may  be  separated  from  one  another  by  exposing  fixed  oil  to  a 
low  temperature,  and  pressing  it,  when  congealed,  between  folds  of 
bibulous  paper.  The  stearine  is  thus  obtained  in  a  separate  form; 
and  by  pressing  the  bibulous  paper  under  water,  an  oily  matter  is  pro- 
cured, which  is  elaine  in  a  state  of  purity.  This  principle  is  pecu- 
liariy  fitted  for  greasing  the  wheels  of  watches,  or  other  delicate  ma- 
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ebiaeiy,  lioce  it  doet  not  thicken  or  beeome  nncid  by  eiposnra  to 
^e  air,  and  reqoirei  a  cold  of  about  20°  F.  for  coogelatioo.  lo  the 
formation  of  soap,  the  steaiine  and  elaine  disappear  entirely,  being  con- 
verted by  a  change  in  tlie  arrangement  of  their  elements  into  three 
compounds,  to  which  M.  Chevreul*  has  applied  the  names  of  tnoT" 

C'e  and  o/eic  acids,  and  glycerine.  The  two  acids  enter  into  com- 
tion  with  the  alkali  employed,  and  the  resulting  compound  is 
aoap.  A  similar  change  appears  to  be  effected  by  the  action  not  only 
of  the  alkaline  earths,  but  of  several  of  the  other  metallic  oxides. 

Soap  is  decomposed  by  acids,  and  by  earthy  and  most  metallic  salts. 
On  mixing  muriate  of  lime  with  a  solution  of  soap,  a  muriate  of  the 
alkali  is  produced,  and  the  lime  forms  an  insoluble  compound  with 
the  margaric  and  oleic  acids.  A  similar  change  ensues  when  a  salt 
of  lead  is  employed. 

According  to  the  analysis  of  Gay-Lussac  and  Thenard,  100  parts  of 
olive  oil  coosist  of  carbon  77.213,  oxygeo,  9.427,  and  hydrogen  13.36. 
From  these  proportions,  it  is  inferred  that  olive  oil  contains  ten  equi- 
valents of  carbon,  one  of  oxygen,  and  eleven  of  hydrogen. 

Volatile  Otis.— Aromatic  plants  owe  their  flavour  to  the  presence 
of  a  volatile  or  essential  oil,  which  may  be  obtained  by  distillation, 
water  being  put  into  the  still  along  with  the  plant,  in  order  to  prevent 
the  latter  from  being  burned.  The  oil  and  water  pass  over  into  the 
recipient,  and  the  oil  collects  at  the  bottom  or  thesuriace  of  the  water 
according  to  its  density. 

Essential  oils  have  a  penetrating  odour  and  acrid  taste,  which  are 
often  pleasant  when  sufficiently  diluted.  They  are  soluble  in  alcohol, 
though  in  different  proportions.  They  are  not  appreciably  dissolved 
by  water;  but  that  fluid  acquires  the  odour  of  the  oil  with  which  it  is 
distilled.  With  the  fixed  oils  they  unite  in  every  proportion,  and  are 
sometimes  adulterated  with  them,  an  imposition  easily  detected  by 
the  mixed  oil  causing  on  paper  a  greasy  stain  which  is  not  removed  by 
heat. 

Volatile  oils  bum  in  the  open  air  with  a  clear  white  light,  and  the 
sole  products  of  the  combustion  are  water  and  carbonic  acid.  On 
exposure  to  the  atmosphere,  they  gradually  absorb  a  large  quantity  of 
oxygen,  in  consequence  of  which  they  become  thick,  and  are  at  lengUi 
converted  into  a  substance  resembling  resin.  This  change  is  rendered 
more  rapid  by  the  agency  of  light. 

Of  the  acids,  the  action  of  strong  nitric  acid  on  volatile  oils  is  the 
most  energetic,  being  often  attended  with  vivid  combustion, — an 
effect  which  is  rendered  more  certain  by  previously  adding  to  the  nitric 
a  few  drops  of  sulphuric  acid. 

Volatile  oils  do  not  unite  readily  with  metallic  oxides,  and  are  attack* 
ed  wiUi  difficulty  even  by  the  alkalies.  The  substance  called  Starkey's 
soap  is  made  by  triturating  oil  of  turpentine  with  an  alkali. 

Volatile  oils  dissolve  snlphur  in  large  quantity,  forming  a  deep  brown 
coloured  liquid,  called  balsam  of  sulphur.  The  solution  is  best  made 
bv  boiling  flowers  of  sulphur  in  spirit  of  turpentine.  Phosphorus  may 
likewise  be  dissolved  by  the  same  menstruum. 

The  most  interesting  of  the  essential  oils  are  those  of  turpentine, 
caraway,  cloves,  peppermint,  nutmeg,  anise,  lavender,  cinnamon, 
citron,  and  chamomile.  Of  these  the  most  important  is  the  first, 
which  is  much  employed  in  the  preparation  of  varnishes,  and  for  some 
medical  and  chemical  purposes.    It  is  procured  by  distilling  common 

*  Recherches  sur  les  Corps  gras. 
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turpenttne;  and  when  purified  by  a  second  distillation,  it  is  spirit  or 
essence  of  turpentine. 

Commoo  oil  of  turpentine  is  inferred  by  Dr  Ure  to  consist  of  four- 
teen  equivalents  of  carbon,  one  of  oxygen,  and  ten  of  hydrogen*. 
According  to  M.  Houton  Labillardiere,  the  purified  oil  contains  no 
oxygen,  but  is  composed  of  carbon  and  hydrogen  in  such  proportions, 
that  one  volume  of  its  vapour  Contains  four  volumes  of  olefiant  gas, 
and  two  volumes  of  the  vapour  of  carbonf* 

Camphor. — This  inflammable  substance,  which  in  several  respects 
is  closely  allied  to  the  essential  oils,  exists  ready  formed  in  the  Xrfiurus 
eam/r^ora  of  Japan,  and  is  obtained  from  its  trunk,  root,  and  branches 
bj^ubllmation. 

Camphor  has  a  bitterish,  aromatic,  pungent  taste,  accompanied  with 
a  sense  of  coolness.  It  is  unctuous  to  the  touch,  and  brittie  ;  but  it 
possesses  a  degree  of  toughness  which  prevents  it  from  being  pulveriz- 
ed with  facility.  It  is  easily  reduced  to  powder  by  trituration  with  a 
few  drops  of  alcohol.  Its  specific  gravity  is  0.988.  It  is  exceedingly 
volatile,  being  gradually  dissipated  in  vapour  if  kept  in  open  vessels. 
At  288"  F.  it  enters  into  fusion,  and  boils  at  400^*  F. 

Camphor  is  insoluble  in  water ;  but  when  triturated  with  sugar,  and 
then  mixed  with  that  fluid,  a  portion  is  dissolved  sufficient  lor  com- 
municating its  flavour.  It  is  dissolved  freely  by  alcohol,  and  is  thrown 
down  by  the  addition  of  water.  It  is  likewise  soluble  in  the  fixed  and 
volatile  oils,  and  in  strong  acetic  acid.  Sulphuric  acid  decomposes 
camphor,  converting  it  into  a  substance  like  artificial  tannin.  (Mr 
Hatchett.)    With  the  nitric  it  yields  camphoric  acid. 

Camphor,  according  to  the  analysis  of  Dr  Ure,  appears  to  consist  of 
ten  equivalents  of  carbon,  one  equivalent  of  oxygen,  and  nine  equiva- 
lents of  hydrogen. 

On  transmitting  a  current  of  dry  muriatic  acid  gas  through  the  puri- 
fied oil  of  turpentine,  surrounded  by  a  mixture  of  snow  and  salt,  a 
quantity  of  gas  is  absorbed  equal  to  one-third  of  the  weight  of  the  oil ; 
and  a  white  crystalline  substance,  very  similar  to  camphor,  is  generat- 
ed. This  matter  was  discovered  by  Kind,  and  has  since  been  studied' 
by  Trommsdorf,  Gehlen,  and  Thenard.  The  last  chemist  maintains 
that  this  peculiar  substance  is  a  compound  of  turpentine  and  muriatic 
.  acid,  a  view  which  is  supported  by  the  researches  of  M.  HoiitoD 
Labillardiere. 

Cdumarin.— This  name  was  first  applied  to  the  odoriferous  prin- 
ciple of  the  Tonka  bean  by  M.  Guibourt,  and  has  since  been  adopted 
by  MM.  Boullay  and  Boutron-Charlard.  (Journal  de  Pharmacie  for 
October  1825.)  It  is  derived  from  the  term  Coumarouna  odorata, 
given  by  Stublet  to  the  plant  which  yields  the  bean. 

Coumarin  is  white,  of  a  hot  pungent  taste,  and  distinct  aromatic 
odour.  It  crystallizes  sometimes  in  square  needles,  and  at  other 
times  in  short  prisms.  It  is  moderately  hard,  fracture  clean,  lustre 
considerfible,  and  density  greater  than  that  of  water.  It  fuses  at  a 
moderate  temperature  into  a  transparent  fluid,  which  yields  an  opake 
crystallino  mass  on  cooling.  Heated  in  close  vessels.  It  is  sublimed 
without  change.  It  is  sparingly  soluble  in  water ;  but  is  readily  dis- 
solved by  ether  and  alcohol,  and  the  solutions  crystallize  by  spon  ta- 
leotts  evaporation.    It  is  very  soluble  in  fixed  and  volatile  oils. 

M.  Vogel  mistook  coumarin  for  benzoic  acid,;  but  MM.  Boullay 
■— **  **■     ....---- ■  -       ■■.-..  ,^. 

*  Philosophical  Transactions,  for  1822. 
t  Journal  de  Pharmacie,  vol.  iv. 
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and  Boutron-Charlard  maintaio,  that  it  has  neither  an  acid  nor  alkaline 
reaction,  and  that  it  is  a  peculiar  independent  principle,  nearly  allied  to 
the  easential  oils.  These  chemists  did  not  find  any  benzoic  acid  in 
the  Tonka  bean,  and  consider  coumarin  as  .the  sola  cause  of  its 
odour. 

Resins. 

Resins  are  the  inspissated  juices  of  plants,  and  commonly  occur 
either  pure  or  in  combination  with  an  essential  oil.  They  are  solid 
at  common  temperatures,  brittle,  inodorous,  and  insipid.  They  are 
non-conductors  of  electricity,  and  when  rubbed  become  negatively 
electric.  They  are  generally  of  a  yellow  colour,  and  semi-trans- 
parent. 

Resins  are  fused  by  the  application  of  heat,  and  by  a  still  higher 
temperature  are  decomposed.  In  close  vessels  they  yield  empy- 
reumatic  oil,  and  a  large  quantity  of  carburetted  hydrogen,  a  small  re- 
sidue of  charcoal  remaining.  In  the  open  air,  they  burn  with  a  yellow 
flame  and  much  smoke,  being  resolved  into  carbonic  acid  and  water. 

Resins  are  dissolved  by  alcohol,  ether  and  the  essential  oils,  and 
the  alcoholic  and  ethereal  solutions  are  precipitated  by  water,  a  fluid 
in  which  they  are  quite  insoluble.  Their  best  solvent  is  pure  potassa 
and  soda,  and  they  are  also  soluble  in  alkaline  carbonates  by  the  aid  of 
heat.  The  product  is  in  each  case  a  soapy  compound,  which  is  de- 
composed by  an  acid. 

Conqentrated  sulphuric  acid  dissolves  resins ;  but  the  acid  and  the 
resins  mutually  decompose  each  other,  with  disengagement  of  sul- 
phurous acid,  and  deposition  of  charcoal.  Nitric  acid  acts  upon  them 
with  violence,  converting  them  into  a  species  of  tannin,  which  was 
discovered  by  Mr  Hatchett.  No  oxalic  acid  is  formed  during  the 
action. 

The  uses  of  resin  are  various.  Melted  with  wax  and  oil,  resiiur 
constitute  ointments  and  plasters.  Combined  with  oil  or  alcohol, 
they  form  different  kinds  of  oil  and  spirit  varnish.  Sealing-wax  is 
composed  of  lac,  Venice  turpentine,  and  common  resin.  The  com- 
position is  coloured  black  by  means  of  lampblack,  or  red  by  cinnabar 
or  red  lead.    Lampblack  is  the  soot  of  imperfectly  burned  resin. 

Of  the  different  resins  the  most  important  are  common  resin,  copaI» 
lac,  sandarach,  mastich,  eleml,  and  dragon's  blood.  The  first  is  pro- 
cured by  heating  turpentine,  which  consists  of  oil  of  turpentine  and 
resin,  so  as  to  expel  the  volatile  oil.  The  common  turpentine,  ob- 
tained by  incisions  made  in  the  trunk  of  the  Scotch  fir  tree,  {Pinu$ 
tyhestrU)  is  employed  for  this  purpose ;  but  the  other  kinds  of  tur- 
pentine, such  as  the  Venice  turpentine,  that  from  the  larch,  (Ptntis 
iarix,)  the  Canadian  turpentine  from  the  Piniu  balsameat  or  the 
Strasburgh  turpentine  from  the  Pinus  pieea,  yield  resin  by  a  similar 
treatment. 

When  turpentine  is  extracted  from  the  wood  of  the  fir  tree  by 
beat,  partial  decomposition  ensues,  and  a  dark  substance,  consisting 
of  resin,  empyreumatic  oil,  and  acetic  acid  is  the  product.  This  con- 
stitutes tar ;  and  when  inspissated  by  boiling,  it  forms  pitch.  Common 
resin  fuses  at  276®  F,  is  completely  liquid  at  306%  and  at  about  816**, 
bubbles  of  gaseous  matter  escape,  giving  rise  to  the  appearance  of 
ebullition.  At  a  red  heat,  it  is  entirely  decomposed,  yielding  a  large 
quantity  of  combustible  gas,  which  is  employed  for  the  purpose  of  ar- 
tificial UluminaUoo.  (Page  243.) 
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Considerable  uncjertainty  preyails  as  to  the  composition  of  common 
resin,  as  will  appear  by  the  following  statement : — 

Oay-Lussae  and  Thenard,  Thomson,  Ure, 

Carbon             75.944  63.15  75.00 

Oxygen           13.337  25.26  12.50 

Hydrogen       10.719  11.59  12.50 

100  100  100 

Amber. — ^This  substance  is  found  chiefly  on  the  coast  of  Prussia, 
Livonia,  Pomerania,— and  Denmark,  occnrring  sometimes  on  the 
shore,  and  sometimes  in  beds  of  bituminous  wood.  .It  is  undoubtedly 
of  vegetable  origin,  and  has  the  general  properties  of  a  resin ;  but  it 
differs  from  resinous  substances  in  yielding  succinic  acid,  when  heat- 
ed in  close  vessels. 

Balsams, — ^The  balsams  are  native  compounds  of  resin  and  ben- 
zoic acid,  and  issue  from  Incisions  made  in  the  trees  which  contain 
them,  in  the  same  manner  as  turpentine  from  the  fir.  Some  of  them, 
such  as  storaz  and  benzoin,  are  solid ;  while  others,  of  which  the 
balsams  of  Tolu  and  Peru  are  examples,  are  viscid  fluids. 

Gum-rtsiins, — The  substances  to  which  this  name  is  applied  are 
the  concrete  juices  of  certain  plants,  and  consist  of  resin,  essential  oil, 
gum,  and  extractive  vegetable  matt^.  The  two  former  principles  are 
soluble  in  alcohol,  and  the  two  latter  in  water.  Their  proper  solvent, 
therefore,  is  proof  spirit.  Under  the  class  of  gum-resins  are  compre- 
hended several  valuable  medic  ines,  such  as  aloes,  ammonlacum,  as- 
safcetida,  euphorbium,  galbanu  m,  gamboge,  myrrh,  scammony,  and 
gualacum. 

Caoutchouc^  commonly  called  elastic  gum  or  Indian  rubber,  is  the 
concrete  juice  of  the  Hcenea  caoutchouc  and  Jatropa  elastica,  natives 
of  South  America,  and  of  the  Ficus  indica  and  Artocarjms  integri- 
foUa,  which  grow  in  the  East  Indies.  It  Is  a  soft  yielding  solid,  of  a 
whitish  colour  when  not  blakened  by  smoke,  possesses  considerable 
tenacity,  and  is  particularly  remarkable  for  its  elasticity.  It  is  ioflam* 
mable,  and  burns  with  a  bright  flame.  When  cautiously  heated,  it 
fuses  without  decomposition.  It  is  insoluble  in  water  and  alcohol; 
but  it  dissolves,  though  with  some  difficulty,  in  pure  ether.     It  Is  very 

riogly  dissolved  by  the  alkalies,  but  its  elasticity  is  destroyed  by 
r  action.  By  the  sulphuric  and  nitric  acids  it  is  decomposed,  the 
former  causing  deposition  of  charcoal,  and  the  latter  formation  of  oxalic 
acid. 

Caoutchouc  is  soluble  in  the  essential  oils,  in  petroleum,  and  in 
cajeput  oil;  and  may  be  procured  by  evaporation  from  the  two  latter 
without  loss  of  Its  elasticity.  The  purified  naphtha  from  coal  tar  dis- 
solves it  readily,  and  as  the  solvent  is  cheap,  and  the  properties  of 
the  caoutchouc  are  unaltered  by  the  process,  the  solution  may  be 
conveniently  employed  for  forming  elastic  tubes,  or  other  apparatus 
of  a  similar  kind.  It  is  used  by  Mr  Mackintosh  of  Glasgow  for  cover- 
ing cloth  with  a  thin  stratum  of  caoutchouc,,  so  as  to  render  it  imper- 
meable to  moisture.  This  property  of  coal  naphtha  was  discovered 
by  Mr  James  Syme,  Lecturer  on  Surgery  in  Edinburgh.  (Annals  of 
Philosophy,  vol.  xii.*) 

*  Dr  J.  K.  Mitchell,  Lecturer  on  Chemistry  in  the  Philadelphia 
Medical  Institute,  h^s  discovered  a  mode  of  making  sheet- caoutchouc, 
which  possesses  remarkable  properties.    It  is  prepared  by  soaking  ■ 
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The  conpodtloD  of  eaoatchouc  hat  not  been  detemined  in  e  ettis- 
lactory  maooer.  Aecoiding  to  the  aoftlyaia  of  Dr  Ure,  100  parts  of 
It  eooflist  of  earfooD  00,  oxygen  0.88,  and  hydrogen  0.12.  Bat  caout- 
chouc yieldf  ammonia  when  heated  in  close  veasels,  and,  therefore, 
muet  contain  nitrogen  as  one  of  its  constituents,  a  principle  whidi 
was  not  detected  by  Dr  Uie. 

Wax. — ^This  substance,  which  partakes  of  the  nature  of  a  fixed  oil, 
•Is  an  abundant  vegetable  production,  entering  into  the  composition 
of  the  pollen  of  flowers,  covering  the  envelop  of  the  plum  and 
other  fraits,  especially  the  btmeB  of  the  Myriea  eertfera,  and  in  many 
instances  forming  a  Idnd  of  varnish  to  the  surface  of  leaves.  From 
this  circumstance ,  it  was  long  supposed  that  wax  is  solely  of  veiretaUe 
origin,  and  that  the  wax  of  the  honey-comb  is  derived  from  lowers 
en^ ;  but  it  appears  from  the  observations  of  Huber  that  it  must  like- 
wise be  regarded  as  an  animal  product,  since  he  found  bees  to  deposite 
wax  thoufpi  fed  on  nothing  but  sugar. 

Common  wax  is  always  more  or  less  coloured,  and  has  a  distinct 
peculiar  odour,  of  both  which  it  may  be  deprived  by  exposure  in  thin 
slices  to  light,  air,  and  moisture,  or  more  speedily  by  the  action  of 
chlorine.  At  ordinary  temperatures  it  is  solid,  and  somewhat  brittle ; 
but  it  may  easily  be  cut  with  a  knife,  and  the  fresh  surface  presents  a 
ehaiacteristic  appearance,  to  which  the  name  of  waxy  lustre  is  applied. 
Its  specific  gravity  is  0.96.  At  about  150^  F.  it  enters  into  fusion,  and 
boils  at  a  high  temperature.  Heated  to  redness  in  close  vessels,  it 
sofiers  complete  decomposition,  yielding  products  very  similar  to  those 
which  are  procured  under  the  same  circumstances  from  oil.  As  it 
bums  with  a  clear  white  light,  it  is  employed  for  forming  candles^ 

Wax  is  insoluble  in  water,  and  is  only  sparingly  dissolved  by  boiling 
alcohol  or  ether,  from  which  the  greater  part  is  deposited  on  cooling. 


the  caoutchouc  in  ether  until  soft,  which  generally  requires  eight  or 
ten  hours,  and  in  that  state,  cutting  it  into  plates  or  sheets  with  a  wet 
knife,  or  stretching  it  to  any  desired  degree  of  thinness.  If  ban  of 
this  substance  are  employed,  they  may  b^  expanded  by  means  of  the 
breath  to  the  size  of  between  two  and  three  feet  in  diameter,  and  be* 
come  so  light  as  to  ascend  readily  when  filled  with  hydrogen. 

Sheet-caoutchouc,  prepared  by  this  process,  is  very  soft  and  pleas- 
ant to  the  touch,  possesses  great  ^^tensibility,  and  may  be  made  so 
thin  as  to  appear  nearly  .colourless  and  transparent,  yet  retaining  con- 
riderable  strength  and  tenacity.  When  two  pieces  are  laid  together 
and  cut  with  scissors,  the  cut  edges  adhere  with  considerable  force, 
and,  indeed,  after  some  hours'  maceration,  unite  as  strongly  as  the 
rest  of  the  sheet.  In  this  way,  tubes,  bags,  socks,  caps,  &c.  both 
water  and  air-tight  may  be  formed. 

The  properties  of  this  preparation  are  very  similar  to  those  of  the 
sheet-caoutchouc,  made  by  Mr  Hancock  of  London.  This  gentleman 
conceals  his  process ;  but,  on  the  contrary,  Dr  Mitchell  wishes  his 
mode  of  treating  the  substance  to  be  generally  known. 

Dr  Mitchell  has  also  discovered  a  good  solvent  for  caoutchouc. 
It  is  t  he  essential  oil  of  sassafras,  acting  on  the  substance  after  it  has 
been  softened  by  ether.  A  solution  of  it  in  this  oil,  applied  to  gtess 
or  porcelain,  will  form  upon  drying  a  thin  pellicle  of  pure  caoutchouc, 
which,  by  wetting  it  wfth  water,  can  be  separated  in  the  form  of  a 
sheet.  Applied  to  the  surfaces  of  torn  or  cut  caoutchouc,  it  causes 
their  firm  and  inseparable  adhesion.  Durand,  Jbuni.  of  the  PhU, 
College  tf  Pharmacy,  Jan.  1830.  B. 
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ft  is  readily  attacked  by  the  fixed  alkaljes,  bein^  converted  into  a 
soap  which  is  soluble  in  hot  water.  It  unites  by  the  aid  of  heat  in 
every  proportion  with  the  fixed  and  volatile  oils,  and  with  resin.  With 
different  quantities  of  oil,  it  constitutes  the  simple  liniment,  ointment» 
and  cerate  of  the  pharmacopceia. 

Wax,  according  to  the  observations  of  John,  consists  of  two  differ- 
ent principles,  one  of  which  is  soluble,  and  the  other  insoluble  in  al- 
cohol. To  the  former  he  has  given  the  name  of  cerin,  and  to  the 
latter  of  myricin.  From  the  ultimate  analysis  of  Dr  Ure,  whose  re- 
sult corresponds  closely  with  that  of  6ay-Lussac  and  Thenard,  100 
parts  of  wax  are  composed  of  carbon  80.4,  oxygen  8.3,  and  hydrogen 
11.3;  from  which  it  is  probable  that  it  consists  of  thirteen  equivalents 
of  the  first  element,  one  equivalent  of  the  second,  and  eleven  equiva- 
lents of  the  third. 

Alcohol. 

Alcohol  is  the  intox|cating  ingredient  of  all  spirituous  and  vinous 
liquors.  It  does  not  exist  ready  formed  in  plants,  but  is  a  product  of 
the  vinous  fermentation,  the  theory  of  which  will  be  stated  in  a  sub- 
sequent section. 

Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  whisky 
or  some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  procured  by  a  / 
second  distillation.  The  first  has  a  specific  gravity  of  about  0.867,  and 
the  last  of  0.836  or  0.84.  In  this  state  it  contains  a  quantity  of  water, 
from  which  it  may  be  freed  by  the  action  of  substances  which  have  a 
strong  afiioity  for  that  liquid.  Thus,  when  carbonate  of  potassa, 
heated  to  about  300°  F.,  is  mixed  with  spirit  of  wine,  the  alkali 
unites  with  the  water  forming  a  dense  solution,  which  on  standing, 
separates  from  the  alcohol,  so  that  the  latter  may  be  removed  by  de- 
cantation.  To  the  alcohol,  thus  deprived  of  part  of  its  water,  fresh 
poilionS  of  the  dry  carbonate  are  successively  added,  until  it  falls 
through  the  spirit  without  being  moistened.  Other  substances  which 
have  a  powerful  attraction  for  water,  may  be  substituted  for  carbon- 
ate of  potassa.  Gay-Lussac  recommends  the  use  of  pure  lime  or  ba- 
ryta ;  (An.  de  Ch.  vol.  Ixxxvi.)  and  dry  alumina  may  also  be  employed 
with  advantage.  A  very  convenient  process  is  to  mix  the  alcohol 
with  chloride  of  calcium  in  powder,  or  with  quicklime,  and  draw  off 
the  stronger  portion  by  distillation.  Another  process  which  has  been 
recommended  for  depriving  alcohol  of  water  is  to  put  it  into  the  blad  - 
^ider  of  an  ox,  and  suspend  it  over  a  san'd  bath.  The  water  gradually 
passes  throughihe  coats  of  the  bladder,  while  the  pure  alcohol  is  re- 
tained ;  but  though  this  method  answers  well  for  strengthening  weak 
spirit,  its  power  of  purifying  strong  alcohol  is  very  questionable. 
^Journal  of  Science,  vol.  xviii.)  The  strongest  alcohoL  which 
■can  be  procured  by  aoy  of  these  processes  has  a  specific  gravity  of 
0.796  at  60°  F.  This  is  called  absolute  alcohol,  on  the  supposition 
of  its  being  quite  free  from  water. 

An  elegant  and  easy  process  for  procuring  absolute  alcohol  has 
lately  been  proposed  by  Mr  Graham.  (Edinburgh  Philos.  Trans,  for 
1828.)  A  large  shallow  basin  is  covered  to  a  small  depth  with  quick- 
lime in  coarse  powder,  and  a  smaller  one  containing  three  or  four 
ounces  of  commercial  alcohol  is  supported  just  above  it.  The  whole 
is  placed  upon  the  plate  of  an  air-pump,  covered  by  a  low  receiver,  and 
the  air  withdrawn  until  the  alcohol  evinces  signs  of  ebullition.  Of 
the  mingled  vapours  of  water  and  alcohol  which  fill  the  receiver,  the 
former  alone  is  absorbed  by  the  quicklime^  while  the  tetter  is  ur 
0  o 
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feeted.  Now  it  is  foond  that  water  cannot  remain  in  alcohol,  unleae 
covered  by  an  atmosphere  of  its  own  vapour ;  and  consequently  the 
water  continues  to  evaporate  without  interruption,  while  the  evapo- 
ration of  the  alcohol  is  entirely  arrested  by  the  pressure  of  the  vapour 
of  alcohol  on  its  surface.  Common  alcohol  is  in  this  way  entirely 
deprived  of  water  in  the  course  of  about  five  days.  The  temperature 
should  be  preserved  as  uniform  as  possible  during  the  process.  Sul- 
phuric acid  cannot  be  substituted  for  quicklime,  since  both  vapours 
are  absorbed  by  this  liquid. 

Alcohol  is  a  colourless  fluid,  of  a  penetrating  odour,  and  burning 
taste.  It  is  highly  volatile,  boiling,  when  Us  density  is  0.820,  at  the 
temperature  of  176°  F.  The  specific  gravity  of  its  vapour,  according 
to  Gay-Lussac,  is  1.613.  Like  volatile  liquids  in  general^  it  produces 
a  considerable  degree  of  cold  during  evaporation.  It  has  hitherto  re* 
tained  its  fluidity  under  every  degree  of  cold  to  which  it  has  been  ex- 
posed. Mr  Button,  indeed,  announced  in  the  34th  volume  of  Nich- 
olson's Journal,  that  he  had  succeeded  in  freezing  alcohol ;  but  the 
fact  itself  is  regarded  as  doubtful,  since  no  description  of  the  method 
has  hitherto  been  published.  In  the  experiments  of  Mr  Walker,  alco- 
hol was  found  to  retain  its  fluidity  at  — 91°  F.  "" 

Alcohol  is  highly  inflammable,  and  bums  with  a  lambent  yellowish- 
blue  flame.  Its  colour  varies  considerably  with  the  strength  of  the 
alcohol,  the  blue  tiqt  predominating  when  it  is  strong,  and  me  yeHow 
when  it  is  diluted.  Its  combustion  is  not  attended  with  the  least 
degree  of  smoke,  and  the  sole  products  are  water  and  carbonic  acid. 
H^en  transmitted  through  a  red-hot  tube  of  porcelain,  it  is  resolved 
into  carburetted  hydrogen,  carbonic  oxide,  and  water,  and  the  tube  is 
lined  with  a  small  quantity  of  charcoal. 

Alcohol  unites  with  water  in  every  proportion.  The  act  of  combi- 
ning is  usually  attended  with  diminution  of  volume,  so  that  a  mixture 
of  50  measures  of  alcohol  and  50  of  water  occupies  less  than  100 
measures.  Owing  to  this  circumstance,  the  action  is  accompanied 
with  increase  of  temperature.  Since  the  density  of  the  mixture  in- 
creases as  the  water  predominates,  the  strength  of  the  spirit  may  be 
estimated  by  its  specific  gravity.  Equal  weights  of  absolute  alcohol 
and  water  constitute  proof  spirit^  the  density  of  which  is  0.917  ;  but 
the  proof  spirit  employed  by  the  colleges  for  tinctures  has  a  specific 
gravity  of  0.930,  or  0.935. 

Of  tbe  salifiable  bases,  alcohol  can  alone  dissolve  potassa,  soda, 
lithia,  ammonia,  and  the  vegetable  alkalies.  None  of  the  earths,  or 
other  metallic  oxides,  are  dissolved  by  it.  Most  of  the  acids  attack 
it  by  the  aid  of  heat,  giving  rise  to  a  class  of.  bodies  to  which  the  name 
of  ether  is  applied.  All  the  salts  which  are  either  insoluble,  or  spa- 
ringly soluble  in  water,  are  insoluble  in  alcohol.  The  efllorescent  salts 
are,  likewise,  for  the  most  part  insoluble  in  this  menstruum ;  but,  on 
the  contrary,  it  is  capable  of  dissolving  all  tbe  deliquescent  salts,  ex- 
cept the  carbonate  of  potassa.  Many  of  the  vegetable  principles,  such 
as  sugar,  manna,  camphor,  resins,  balsams,  and  the  essential  oils,  are 
soluble  in  alcohol. 

The  solubility  of  certain  substances  in  alcohol  appears  owing  to  the 
formation  of  definite  compounds,  which  are  soluble  in  that  liquid.  This 
has  been  proved  of  the  chlorides  of  calcium,  manganese,  and  zinc,  and 
of  the  nitrates  of  lime  and  magnesia,  by  Mr  Graham  in  tbe  essay  above 
cited.  It  appears  from  his  experiments  that  all  these  bodies  unite 
with  alcohol  in  definite  proportion,  and  yield  crystalline  compounds, 
which  are  deliquescent  and  soluble  both  in  water  and  alcohol.  From 
their  analogy  to  hydrates,  Mr  Graham  has  applied  to  them  the  name 


Alcohol.  459 

of  akoates.  Thete  are  formed  by  dissolving  the  substances  in  abso* 
lute  alcohol  by  means  of  heat,  when  on  cooling  a  group  of  crystals 
more  oi^  less  irregular  is  deposited.  The  salt  and  alcohol  employed 
for  the  purpose  should  he  quite  anhydrous ;  for  the  crystallization  is 
preyented  by  a  veiy  small  quantity  of  water.  Estimating  the  com* 
bining  proportion  of  alcohol  at  23,  the  alcoate  of  chloride  of  calcium 
is  composed  of  one  equivalent  of  chloride  of  calcium,  and  three  equiv- 
alents and  a  half  of  alcohol.  Nitrate  of  magnesia  crystallizes  with 
nine  equivalents  of  alcohol;  nitrate  of  Ihne  with  two  and  a  half  equiv- 
alents ;  protochloride  of  manganese  with  three  equivalents ;  and  chlo- 
ride of  zinc  with  half  an  equivalent  of  alcohol. 

The  constitution  of  alcohol  has  been  ably  investigated  by  M.  Saus- 
sure,  jun.  (An.  de  Ch.  vol.  Izxxix.)  According  to  his  analysis,  which 
was  made  by  transmitting  the  vapour  of  absolute  alcohol  through  a 
red-hot  porcelain  tube,  and  examining  the  products,  this  fluid  is  com- 
posed of  carbon  51.98,  oxygen  84.82,  and  hydrogen  18.70.  From 
these  data,  alcohol  is  inferred  to  consist  of 

Carbon,  .        .12      two  equivalents    .        .    62.17 

Oxygen,       .   .        .8      one  equivalent      .        .    84.79 
Hydrogen,       .        .      8      three  equivalents  .    18.04 

23  100.00 

These  numbers,  it  is  obvious,  are  in  such  proportion  that  alcohol 
may  be  regarded  as  a  compound  of  14  parts  or  oqe  equivalent  of  ole- 
fiant  gas,  and  9  parts  or  one  equivalent  of  water. '  Hence  the  equiva- 
lent of  alcohol  is  28. 

Knowing  the  composition  of  alcohol  by  weight,  it  is  easy  to  calcu- 
late the  proportion  of  its  constituents  by  measure.  For  this  purpose 
it  is  only  necessary  to  divide  14  by  0.972,  (the  sp.  gr.  of  olefiant  gas) 
and  9  by  0.625,  (the  sp.  gr.  of  aqueous  vapour);  and  as  the  quotients 
are  very  nearly  equal,  it  follows  that  alcohol  must  consist  of  equal 
measures  of  aqueous  vapour  and  olefiant  gas.  It  is  inferred,  also,  that 
these  tw«  gaseous  bodies,  in  uniting  to  form  the  vapour  of  alcohol, 
occupy  half  the  space  which  they  possessed  separately ;  because  the 
•density  of  the  vapour  of  alcohol,  as  calculated  on  this  supposition, 
(0.9722+0.625as:1.5972)  corresponds  closely  with  1.618,  the  number 
which  was  ascertained  experimentally  by  Gay-Lussac. 

Considerable  uncertainty  prevailed  a  few  years  ago  as  to  the  state 
in  which  alcohol  exists  in  wine.  Some  chemists  were  of  opinion  that 
it  is  generated  by  the  heat  employed  in  the  distillation ;  while  others 
thought  that  the  alcohol  is  merely  separated  during  tKe  process.  This 
question  was  finally  determined  by  Mr  Brande,  who  made  it  the  sub- 
ject of  two  essays  which  were  published  in  the  Philosophical  Trans- 
actions for  1811  and  1818.  He  there  demnilistrated  that  the  alcohol 
exists  ready  formed  in  wine,  by  separating  that  principle  without  the 
aid  of  heat.  His  method  consists  in  precipitating  the  acid  and  ex- 
tractive colouring  matters  of  the  wine  by  the  subacetate  of  lead,  and 
then  depriving  the  alcohol  of  water  by  dry  carbonate  of  potassa,  in  the 
way  already  mentioned.  The  jpure  alcohol,  which  rises  to  the  surface, 
is  then  measured  by  means  of  a  narrow  graduated  glass  tube.  The 
same  fact  has  since  been  established  by  the  experiments  of  Oay- 
Lussac,  who  procured  alcohol  from  wine  by  distilling  it  in  vacuo  at 
the  temperature  of  60**  F.  He  alsq  succeeded  in  separating  the  alco- 
hol by  the  method  of  Mr  Brande ;  but  he  suggests  the  employment  of 
litharge  in  fitie  powder,  instead  of  the  subacetate  of  lead,  for  precipi-^ 
fating  the  colouring  matter.  (Mem.  d'Arcuell,  vol.  iii.) 
*     The  preceding  researches  of  fidEr  Brande  led  him  to  examine  the 
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quMtity  of  alcohol  eoDtained  in  spirituous  and  fermented  liquors. 
According  to  his  experimentb,  brandy,  ruin,  gin,  and  whislcy,  coDtaia 
from  51  to  54  per  cent  of  alcohol,  of  specific  -gravity  0.82&.  The 
stronger  wines,  such  as  Lissa,  Raisin  wine,  Marsala,.  Port,  Madeira, 
Sherry,  Teneriffe,  Constantia,  Malaga,  Bucellas,  Galea veUa  and  Vt- 
donia,  contain  firom  between  18  or  19  to  25  per  cent  of  alcohol.  la 
Claret,  Sauterne,  Burgundy,  Hock,  Champagne,  Hermitage,  and 
Gooseberry  wine» the  quantity  is  from  12  to  17  percent.  In  cyder, 
uerry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  per  cent. 
In  all  spirits,  such  as  brandy  or  whisky,  the  alcohol  is  simply  combined 
with  water;  whereas  in  wine  it  is  in  combination  with  mucilaginous, 
saccharine,  and  other  vegetable  principles,  a  condition  which  tends  to 
diminish  the  action  of  the  alcohol  upon  the  system.  This  may,  per- 
haps, account  for  the  fact  that  brandy,  which  contains  Utile  more  than 
twice  as  much  real  alcohol  as  good  port  wine,  has  an  intoxicating 
power  which  is  considerably  raoie  than  double. 

Ether. 

The  same  ether  was  formerly  employed  to  designate  the  volatile 
inflammable  liquid  which  is  formed  by  heating  a  mixture  of  alcohol 
and  sulphuric  acid ;  but  the  same  term  has  since  been  extended  to 
several  other  compounds  produced  by  the  action  of  acids  on  alcohol, 
and  which,  from  their  volatility  and  inflammability,  were  supposed  to 
be  identical  or  nearly  so  with  sulphuric  ether.  It  appears,  however, 
from  the  researches  of  several  chemists,  but  especially  of  M»  Thenard, 
that  ethers,  though  analogous  in  their  leading  properties,  frequently 
differ  both  in  composition  and  in  their  mode  of  formation.  (Me- 
moires  d'Arcueil,  vol.  i.  and  ii.) 

Sulphuric  Ether, — In  forming  this  compound,  strong  sulphuric 
acid  is  gently  poured  upon  an  equal  weight  of  rectified  spirit  of  wine 
contained  in  a  thin  glass  retort,  and  after  mixing  the  fluids  together  by 
agitation,  whfch  occasions  a  free  disengagement  of  caloric,  the  mix- 
ture is  heated  as  rapidly  as  possible  until  ebullition  commences.  At 
the  beginning  of  the  process  nothing  but  alcohol  passes  over ;  but  as 
soon  as  the  liquid  boils,  ether  is  generated,  and  condenses  in  the  re- 
cipient which  is  purposely  kept  cool  by  the  application  of  ice  or  moist 
cloths.  When  a  quantity  of  ether  is  collected,  equal  in  general  to 
about  half  of  the  alcohol  employed,  white  fumes  begin  to  appear  in 
the  retort.  At  this  period,  the  process  should  be  discontinued,  or  the 
receiver  changed ;  for  although  ether  does  not  cease  to  be  generated, 
its  quantity  is  less  considerable,  and  several  other  products  make  their 
appearance.  Thus  on  continuing  the  operation,  sulphurous  acid  is 
disengaged,  and  a  yellowish  liquid,  commonly  called  eWiereal  oil  or 
oU  of  wine,  passes  over  into  the  receiver.  If  the  heat  be  still  contin- 
ued, a  large  quantity  of  olefiani  gas  is  disengaged,  and  aU  the  pho- 
Domena  ensue  which  were  mentioned  in  the  description  of  that  com- 
pound. (Page  234.) 

Ether,  thus  formed,  is  always  mixed  with  alcohol,  and  generally 
'  with  some  sulphurous  acid.  To  separate  these  impurities,  the  ether 
should  be  agitated  with  a  strong  solution  ofpotassa,  which  neutralizes 
the  acid,  while  the  water  unites  with  the  alcohol.  The  ether  is  then 
distilled  by  a  very  gentle  heat,  and  may  be  rendered  still  stronger  by 
distillation  from  the  chloride  of  calcium. 

To  comprehend  the  theory  of  the  formation  of  ether,  k  is  necessary 
to  compare  the  composition  of  this  substance  with  that  of  alcohol. 
Ether  was  analyzed  by  M.  Saussure  in  the  same  manner  as  alcohol  ; 
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and  from  the  data  famished  by  his  analysis,  corrected  by  Gay-Lassae, 
(An.  de  Ch.  xcv.  314),  ether  is  inferred  to  consist  of  28  parts  or  two 
equivalents  of  olefiant  gas,  and  9  parts  or  one  equivalent  of  water. 
But  alcohol  is  composed  of  one  equivalent  of  olefiant  gas  and  one 
equivalent  of  water;  so  that  if  from  two  equivalents  of  alcohol,  one  of 
water  be  withdrawn,  the  remaining  elements  are  in  exact  proportion 
for  constituting  ether.    This  is  the  precise  mode. in  which  sulphuric 
acid  is  supposed  to  operate  in  generating  ether,  an  effect  which  -it  is 
well  calculated  to  produce,  owing  to  its  strong  affinity  for  moisture. 
(Page  181 . )     This  view  was  first  proposed  by  Fourcroy  and  Yauquelin, 
and  accounts  for  the  phenomena  in  a  very  satisfactory  manner.  These 
chemists,  it  is  true,  erred  in  thinking' that  the  sulphuric  acid  occasions 
no  other  change;  since  subsequent  observation  has  proved  that  the 
sulphovinic  acid,  to  the  constitution  of  which  sulphuric  acid  is  essen- 
tial, is  formed  even  at  the  very  commencement  of  the  process.    Not- 
withstanding this  error,  however,   the  production  of  ether  may  be 
justly  ascribed  to  the  sulphuric  acid  abstracting  water  or  its  elements 
from  the  alcohol,  an  opinion  which  is  supported  by  various  circum- 
stances.   Thus  it  accounts  for  the  disengagement  of  sulphurous  acid 
and  olefiant  gas  towards  the  middle  and  close  of  the  process  ;  for  since 
the  elements  of  the  alcohol  alone  contribute  to  the  formation  of  ether, 
while  all  the  sulphuric  acid  remains  in  the  retort,  and  most  of  it  in  a 
free  state,  it  is  apparent  that  the  relative  quantities  of  alcohol  and  acid 
must  be  continually  changing  during  the  operation,  until  at  length  the 
latter  predominates  so  greatly  as  to  be  able  to  deprive  the  former  of 
all  its  water,  and  thus  give  rise  to  the  disengagement  of  olefiant  gas. 
(Page  234.)    Accordingly  it  is  well  known,  that  if  fresh  alcohol  be 
added  as  soon  as  the  production  of  pure  ether  ceases,  an  additional 
quantity  of  that  substance  will  be  produced.    It  follows,  also,  from 
the  same  doctrine,  that  the  power  of  the  same  portion  of  acid  in 
forming  ether  must  be  limited,  becausb  it  gradually  becomes  so  diluted 
with  water,  that  it  is  at  last  unable  to  disunite  the  elements  of  the 
alcohol.    Consistently  with  the  same  view,  it  is  found  that  ether, 
precisely  analogous  to  that  from  sulphuric  acid,  may  be  prepared  by 
digesting  alcohol  with  other  acids   which  have  a  strong  affinity  for 
water,  as  for  example  with  phosphoric,  arsenic,  and  fluoboric  acids. 
The  production  of  a  peculiar  acid  in  the  preceding  process  was  first 
noticed  by  M.  Dabit,  about  the  year  1800.    This  substance,  to  which 
the  name  of  sulphovinic  acid  is  applied,  has  since  been  examined  by 
Sertuerner,  Yogel,  and  Gay-Lussac;  and   the  two  last  mentioned 
philosophers  regarded  it  as  a  compound  of  hyposulphuric  acid  and  a 
peculiar  vegetable  matter.    Mr  Hennel,  however,  has  lately  given  a 
different,  and  to  all  appearance  a  more  correct  view  of  its  nature. 
According  to  this  chemist,  sulphovinic  acid  and  the  oil  of  wine  are  both 
composed  of  sulphuric  acid  and  carburet  of  hydrogen.    The  oil  of 
wine,  which  has  no  acid  reaction  when  pure,  consists  of  two  equiva- 
lents of  sulphuric  acid,  eight  of  carbon,   and  eight  of  hydrogen. 
When  heated,  it  parts  with  half  of  its  carbon  and  hydrogen,  and  sul- 
phovinic acid  remains,  consisting  of  two  equivalents  of  sulphuric  acid, 
four  of  carbon,  and  four  of  hydrogen.    The  oil  of  wine  is  a  perfectly 
neutral  compound,  in  which  the  carburet  of  hydrogen  acts  the  part  of 
an  alkali  in  neutralizing  sulphuric  acid.    In  sulphovinic  acid,  half  the 
'sulphuric  acid  appears  to  be  neutralized  by  carburet  of  hydrogen. 
(Philos.  Trans,  for  1826,  p.  247,  or  Journal  of  Science,  xzi.  331.) 

Sulphuric  ether  is  a  colourless  fluid,  of  a  hot  pungent  taste,  and 
fragrant  odour.    Its  specific  gravity  in  its  purest  form  is  about  0.700, 
or  according  to  Lovitz  0.632 ;  bat  that  of  the  shops  is  0.74  or  even 
Oo  2 
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lower,  owing  to  the  presence  of  alcohol.  Its  volatility  is  ex 
great : — Under  the  atmospheric  pressure*  ether  of  density  0.720  boij 
at  96^*  or  98°  F,  and  at  about  40°  F.  in  a  vacuum.  (Black's  Lectures; 
vol.  i.  p.  151.)  Its  evaporation,  from  the  rapidity  with  which  it  takes 
place,  occasions  intense  cold,  sufficient  under  favourable  circumstaoces 
for  freezing  mercury.  Its  vapour  has  a  density  of  2.586.  At  46  de- 
grees below  zero  of  Fahr.  it  is  congealed. 

Ether  combines  with  alcohol  in  every  proportion,  but  is  very  spar- 
ingly soluble  in  water.  When  agitated  with  that  fluid,  the  greater  part 
separates  on  standing,  a  small  quantity  being  retained,  which  imparts  an 
ethereal  odour  ta  the  water.  The  ether  so  washed  is  very  pure,  be- 
cause the  water  retains  the  alcohol  with  which  it  is  mixed. 

Ether  is  highly  inflammable,  burning  with  a  blue  flame,  and  forma- 
tion of  water  and  carbonic  acid.  With  oxygen  gas,  its  vapour  forms 
a  mixture  which  explodes  violently  on  the  approach  of  flame,  or  by 
the  electric  spark.  On  being  transmitted  through  a  red-hot  porcelain 
tube,  it  undergoes  decomposition,  and  yields  the  same  product  as 
alcohol. 

When  a  coil  of  platinum  wire  is  heated  to  redness,  and  then  sus- 
pended above  the  surface  of  ether  contained  in  an  open  vessel,  the 
wire  instantly  begins  to  glow,  and  continues  in  that  state  until  all  the 
ether  is  consumed.  (Davy.)  During  this  slow  combustion,  pungent 
acrid  fumes  are  emitted,  which,  if  received  in  a  separate  vessel,  coo- 
dense  into  a  colourless  liquid  possessed  of  acid  properties.  Mr 
Daniell,  who  prepared  a  large  quantity  of  it,  was  at  flrst  Inclined  to 
regard  it  as  a  new  acid,  and  described  it  under  the  name  of  lampie 
acid ;  but  he  has  since  ascertained  that  its  acidity  is  owing  to  the 
acetic  acid,  which  is  combined  with  some  compound  of  carbon  and 
hydrogen  diffierent  both  from  ether  and  alcohol.  (Journal  of  Science, 
vol.  vi.  and  xii.) 

If  ether  is  exposed  to  light  in  a  vessel  partially  filled,  and  which  is 
frequently  opened,  it  gradually  absorbs  oxygen,  and  a  portion  of  ace- 
tic acid  is  generated.  This  change  was  first  noticed  by  M.  Planche, 
and  has  been  confirmed  by  Gay-L.ussac.  (An.  de  Ch.  et  de  Ph.  ii.  98 
and  213.) 

The  composition  of  ether  by  volume  may  be  inferred  in  the  same 
manner  as  in  the  case  of  alcohol  (page  459) ;  namely,  by  dividing  2S 
by  0.972,  and  9  by  0.625.  Ether  is  thus  found  to  consist  of  two  mea- 
sures of  olefiant  gas  and  one  measure  of  watery  vapour;  and  suppos- 
ing these  three  measures,  in  combining,  to  contract  to  one-third  of 
their  volume,  the  specific  gravity  of  the  vapour  of  ether  will  be  0.972 
X  2-1-0.625=2  569.  Now  this  is  so  near  2.586,  the  specific  gravity 
which  Gay-Lussac  found  by  actual  trial,  that  the  preceding  supposi- 
tion may  fairly  be  admitted. 

The  solvent  properties  of  ether  are  less  extensive  than  those  of  al- 
cohol. It  dissolves  the  essential  oils  and  resins,  and  some  of  the  ve- 
getable alkalies  are  soluble  in  it.  It  unites  also  with  ammonia ;  but 
toe  fixed  alkalies  are  insoluble  in  this  menstruum. 

JVttrous  Ether, — This  compound  is  prepared  by  distilling  a  roixtare 
of  concentrated  nitric  acid  with  an  equal  weight  of  alcohol ;  but  as  the 
reaction  is  apt  to  be  exceedingly  violent,  the  process  should  be  con- 
ducted with  extreme  care.  The  safest  method  is  to  add  the  acid  to 
the  alcohol  by  small  quantities  at  a  time,  allowing  the  mixture  to  cool 
after  each  addition  before  more  acid  is  added.  The  distillation  is  then 
conducted  at  a  very  gentle  temperature,  and  the  ether  collected  in  a 
Woulfe*8  apparatus.  The  theory  of  the  process  is  in  some  respects 
obscure  i  but  as  the  formation  of  ether  is  attended  with  the  disea- 
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cagemeDt  of  the  protoxide  and  deutoxide  of  nitrogen,  together  with 
free  Ditrogen  and  carbonic  acid,  it  follows  that  the  alcohol  and  acid 
mutually  decompose  eachother.  M.  Thenard  inferred  from  his  exper- 
iments, that  this  ether  is  a  compound  of  alcohol  and  nitrous  acid ; 
and,  consequently,  that  the  essential  change  during  its  formation  con- 
sists in  the  conversion  of  nitric  into  nitrous  acid  at  the  expense  of  one 
part  of  the  alcohol,  while  the  remainder  of  that  fluid  combines  with 
the  nitrous  acid.  Consistently  with  this  view,  nitrous  ether  may  be 
^  made  directly  by  the  action  of  anhydrous  nitrous  acid  on  pure  alcohol. 

In  an  essay  lately  published  by  MM.  Dumas  and  Boultay,  a  dififer- 
ent  opinion  has  been  suggested.  According  to  a  careful  analysis  of 
nitrous  ether,  they  find  it  to  consist  of  four  equivalents  of  carbon, 
'  &ve  of  hydrogen,  one  of  nitrogen,  and  four  of  oxygen.  These  ele- 
ments are  in  proportion  to  constitute  two  equivalents  of  olefiant  gas, 
one  of  water,  and  one  of  hyponitrous  acid.  (An.  de  Cb.  et  de  Phy- 
sique, XXX vii.  26.) 

The  nitrous  agrees  with  sulphuric  ether  in  its  leading  properties ; 
but  it  is  still  more  volatile.  When  recently  distilled  from  quicklime 
by  a  gentle  heat,  it  is  quite  neutral ;  but  it  soon  becomes  acid  by  keep- 
ing. The  products  of  its  spontaneous  decomposition  are  alcohol, 
nitrous  acid,  and  a  Utile  acetic  acid.  A  similar  change  is  instantly 
effected  by  mixing  the  ether  with  water,  or  distilling  it  at  a  high  tem- 
perature. It  is  also  decomposed  by  potassa,  and,  on  evaporation, 
crystals  of  the  nitrite  or  hyponitrite  of  that  alkali  are  deposited.  (M^- 
moires  d'Arcueil,  vol.  i.) 

Acetic  JEther. — This  ether  is  analogous  in  composition  to  the  pre- 
ceding, and  is  formed  by  distilling  acetic  acid  with  an  equal  weight  of 
alcohol.  When  set  on  fire,  it  burns  with  disengagement  of  acetic 
acid;  and  when  mixed  with  a  strong  solution  of  potassa,  and  sub- 
jected to  distillation,  pure  alcohol  passes  over,  and  acetate  of  potassa 
remains  in  the  retort.  It  is  hence  inferred  by  Thenard  to  consist  of 
acetic  acid  and  alcohol.     When  pure  it  is  quite  neutral. 

According  to  Thenard,  the  acetic  is  the  only  vegetable  acid  which 
forms  ether  by  being  heated  alone  with  alcohol.  Ether  may  also  be 
generated  by  treating  the  tartaric,  oxalic,  malic,  citric,  or  benzoic  acid 
with  a  mixture  of  alcohol  and  sulphuric  acid,  and  Thenard  regards 
these  ethers  as  compounds  of  a  vegetable  acid  with  alcohol.  But 
MM.  Dumas  and  Boullay,  in  the  essay  above  referred  to,  declare  that 
the  elements  of  all  these  ethers  are  in  such  proportion  as  to  consti- 
tute one  equivalent  of  acid,  one  of  water,  and  two  of  olefiant  gas. 
They  believe  them,  as  also  nitrous  ether,  to  behydrated  salts,  in  which 
carburet  of  hydrogen  acts  the  part  of  an  alkali.  This  view  is  certainly 
supported  by  the  observations  of  Mr.  Hennel  relative  to  the  oil  of 
wine,  and  by  the  constitution  of  muriatic  ether.  The  employment  of 
sulphuric  acid  in  their  formation  is  likewise  favourable  to  this  opinion. 
The  alcohol  obtained  by  distillation  with  potassa,  is  supposed  by  Du- 
mas and  Boullay  to  be  generated  during  the  process. 

Muriatic  Ether. — This  compound,  which  is  prepared  by  distilling 
a  mixture  of  concentrated  muriatic  acid  and  pure  alcohol,  was  sup- 

fosed  by  Thenard  to  be  analogous  in  composition  to  nitrous  ether, 
t  appears,  however,  from  the  experiments  of  MM.  Robiquet  and 
C.olin,  that  it  consists  of  muriatic  acid  and  the  elements  of  olefiant 
gas,  and  is,  therefore,  quite  free  from  oxygen.  (An.  de  Ch.  et  de  Ph. 
vol.  ii.)  It  does  not  affect  the  colour  of  litmus  paper,  volatilizes  still 
more  rapidly  than  sulphuric  ether,  and  is  highly  inflammable.  Its 
combustion  is  attended  with  the  disengagement  of  a  large  quantity  of 
muriatic  acid  gas. 
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BifdriodU  Mer^  first  preptred  by  Gay-Lame,  appean  to  be  siinl- 
lar  in  composition  to  muriatic  etber. 

Bituminous  Substances. 

Under  this  title  are  fncladed  several  inflammable  substances,  which, 
though  of  Tegetable  origin,  are  found  in  the  earth,  or  issue  from  its 
surface.  They  may  be  conveniently  arranged  under  the  two  heads  of 
bitumen  and  pit-coal.  The  first  comprehends  naphtha,  petroleum, 
mineral  tar,  mineral  pitch,  asphaltum,  and  retlnasphaltum,  of  which 
the  three  first  mentioned  are  liquid,  and  the  others  solid.  The  second 
comprises  brovm  coal,  the  different  varieties  of  common  or  black 
coaU  and  glance  coal. 

Bitumen. — Naphtha  is  a  volatile  limpid  liquid,  of  a  strong  peculiar 
odour,  and  light  yellow  colour.  Its  specific  gravity,  when  highly  rec- 
tified, is  0.758.  It  is  very  infiaromable,  and  bums  with  a  white  flame 
mixed  with  much  smoke.  At  196°  F.  it  enters  into  ebullition,  and  its 
▼spour  has  a  density  of  2  833.  ( Saussure.)  It  retains  its  liquid  form  at 
zeio  of  Fahrenheit.  It  is  insoluble  in  water,  and  very  soluble  in  alco- 
hol ;  but  it  unites  in  every  proportion  with  sulphuric  ether,  petroleum, 
and  oils.  It  appears  from  the  observations  of  Saussure  to  undergo  no 
change  by  keeping,  even  in  contact  with  air. 

Naphtha  contains  no  oxygen,  and  is  henco  employed  for  protecting 
the  more  oxidable  metals,  such  as  potassium  and  sodium,  from  oxida- 
tion*. According  to  the  analysis  of  Saussure,  it  is  composed  of  carbon 
and  hydrogen  in  the  proportion  of  six  equivalents  of  the  former  to  five 
of  the  latter.  Dr  Thomson  states  the  composition  of  naphtha  from 
coal  tar,  which  seems  identical  with  mineral  naphtha,  to  consist  of  six 
equivalents  of  carbon,  and  six  of  hydrogen.  (Page  240.) 

Naphtha  occurs  in  some  parts  of  Italy,  and  on  the  banks  of  the 
Caspian  Sea.    It  may  be  procured  also  by  distillation  from  petroleum. 

Petroleum  is  much  less  limpid  than  naphtha,  has  a  reddish-brown 
colour,  and  is  unctuous  to  the  touch.  It  is  found  in  several  parts  of 
Britain  and  the  Continent  of  Europe,  in  the  West  Indies,  and  in  Per- 
sia. It  occurs  particularly  in  coal  districts.  The  mineral  tar  is  very 
similar  to  petroleum,  but  is  more  viscid  and  of  a  deeper  colour.  Botn 
these  species  become  thick  by  exposure  to  the  atmosphere,  and  in  the 
opinion  of  Mr  Hatchett  pass^into  solid  bitumen. 

Asphaltum  is  a  solid  brittle  bitumen,  of  a  black  colour,  vitreous 
lustre,  and  conchoidal  fracture.  It  melts  easily,  and  is  very  inflam- 
mable. It  emits  a  bituminous  odour  when  rubbed,  and  by  distillation 
yields  a  fluid  like  naphtha.  It  is  soluble  in  about  five  times  its  weight 
of  naphtha,  and  the  solution  forms  a  good  varnish.  It  is  rather  denser 
than  water. 

^  Asphaltum  is  found  on  the  surface  and  on  the  banks  of  the  Dead 
Sea,  and  occurs  in  large  quantity  in  Barbadoes  and  Trinidad.  It  was 
employed  by  the  ancients  in  building,  and  is  said  to  have  been  used 
by  the  Egyptians  in  embalming. 

Mineral  pitch  or  maltha  is  likewise  a  solid  bitumen,  but  is  much 
softer  than  asphaltum.  The  elastic  bitumen,  or  mineral  caoutchouc^ 
is  a  rare  variety  of  mineral  pitch,  found  only  in  the  Odin  mine,  near 
Castleton  in  Derbyshire. 

Retinasphaltum  is  a  peculiar  bituminous  substance,  found  ussocia- 
ted  with  the  brown  coal  of  Bovey  in  Devonshire,  and  described  by 

*  See  note,  page  281.  B. 
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Mr  Hatchett  in  the  PhilosopHical  TransactioDs  for  1S04.  It  consists 
partly  of  bitumen,  and  partly  of  resin,  a. composition  which  led  Mr 
Hatchett  to  the  opinion  that  bitumens  are  chie%  formed  from  the  res- 
inous principle  of  plants. 

Pit  coal. — Brown  coal  is  characterized  hy  burning  with  a  peculiar 
bituminous  odour,  like  that  of  peat.  It  is  sometimes  earthy,  but  the 
fibrous  structure  of  the  wood  from  whick^it  is  derived  is  generally 
more  or  less  distinct,  and  hence  this  variety  is  called  hituminous 
wood.  Pitch  coal  or  jet,  which  is  employed  for  forming  ear-ringf 
and  other  trinkets,  is  intermediate  between  brown  and  black  coal,  but 
is  perhaps  more  closely  allied  to  the  former  than  the  latter. 

Brown  coal  is  found  at  Bovey  in  Devonshire,  (Bovey  coal);  in 
Iceland,  where  it  is  called  siLrtur^and  ;  and  in  several  parts  of  the 
continent,  especially  at  the  Meissner  in  Hessia,  in  Saxony,  Prussia» 
and  Styria. 

Of  the  black  or  common  eoal  there  are  several  varieties,  which 
differ  from  each  other,  not  only  in  the  quantity  of  foreign  matters, 
such  as  the  sulphuret  of  iron  and  earthy  substances  which  they  con- 
tain, but  also  in  the  proportion  of  what  may  be  regarded  as  essential 
constituents.  Thus  some  kinds  of  coal  consist  almost  entirely  of  car- 
bonaceous matters,  and,  therefore,  form  little  flame  in  burning ;  while 
others,  of  which  the  cannel  coal  is  an  example,  yield  a  large  quantity 
of  inflammable  gases  by  heat,  and  consequently  burn  with  a  large 
flame.  Dr  Thomson  has  arranged  the  different  kinds  of  coal  which 
are  met  with  in  Britain  into  four  subdivisions.  (An.  of  Phil.  vol.  xiv.> 
The  first  is  caking  coal^  because  its  particles  are  softened  by  heat  and 
adhere  together,  forming  a  compact  mass.  The  coal  found  at  New- 
castle, around  Manchester,  ^nd  in  many  other  parts  of  England,  is  of 
this  kind.  The  second  Is  termed  splint  coal,  from  the  splintery  ap- 
pearance of  its  fracture.  The  cherry  coal  occurs  in  Stafibrdshire,  and 
in  the  neighbourhood  of  Glasgow.  Its  structure  is  slaty,  and  it  is 
more  easily  broken  than  the  splint  coal,  which  is  much  harder.  It 
easily  takes  fire,  and  is  consumed  rapidly,  burning  with  a  clear  yellow 
flame.  The  fourth  kind  is  the  cannel  coal,  which  is  found  of  peculiar 
purity  at  Wigan  in  Lancashire.  In  Scotland  it  is  known  by  the  nam« 
of  parrot  coal.  From  the  brilliancy  of  the  light  which  It  emits  while 
burning,  it  is  sometimes  used  as  a  substitute  for  candles,  a  practice 
which  is  said  to  have  led  to  the  name  of  cannel  coal.  It  has  a  very 
compact  structure,  does  not  soil  the  fingers  when  handled,  and  admits 
of  being  polished.  Snuff-boxes  and  other  ornaments  are  made  with 
this  coal ;  and  it  is  pecu^arly  well  fitted  for  forming  coal  gas.  Ac- 
cording to  the  experiments  of  Dr  Thomson,  these  varieties  of  coal  are 
thus  constituted : 

Caking  Coal,  Splint  Coal.  Cherry  Coal,  Cannel  Coat* 
Carbon,        76.28                    76.00                74.46  64.72 

Hydrogen,   .4.18  6.25  12.40  21.56 

Nitrogen,      15.96  6.25  10.22  13.72 

Oxygen,         4.58  12  50  2.98  0.00 

100.00  100.00  100.00  100.00 

Judging  from  the  quantity  of  oxidized  products  (water,  carbonic 
acid,  and  carbonic  oxide,)  which  are  procured  during  the  distillation 
of  coal,  Dr  Henry  infers  that  coal  contains  more  oxygen  than  was 
found  by  Thomson.  (Elements,  lOth  Edition,  vol.  ii.  p.  321.)  This 
opinion  is  supported  by  the  analysis  of  Dr  Ure,  who  found  26.6  per 
cent  of  oxygen  in  splint,  and  21.9  la  cannel  coal*  When  coal  is  heated 
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to  rednen  in  close  ▼enels,  a  great  qaantitjr  of  volatile  matter  is  dis- 
sipated, aod  a  carbonaceous  resfdue,  called  coke,  remains  in  the  retort. 
The  volatile  substances  are  coal  tar,  acetic  acid,  water,  sulphuretted 
hydrosen,  and  hydrosulphuret  and  carbonate  of  ammonia,  together 
with  the  several  gases  formerly  enumerated.  (Page  241.)  The  greater 
part  of  these  substances  are  real  products,  that  is,  are  generated  during 
the  distillation.  The  bituminous  matters  probably  exist  ready  formed 
in  coal ;  but  Dr  Thomson  is  of  opinion  that  these  are  also  products, 
and  that  coals  are  atomic  compounds  of  carbon,  /hydrogen,  nitrogen, 
and  oxygen. 

Glance  Coal, — Gtence  coal,  or  anthracite,  differs  from  common 
coal,  which  it  frequently  accompanies,  in  containing  no  bituminous 
substances,  and  in  not  yielding  inflammable  gases  by  distillation.  Its 
sole  combustible  ingredient  is  carbon,  and  conseciuently  it  bums  with* 
out  flame.  It  conamonly  occurs  in  the  immediate  vicinity  of  basalt, 
under  circumstances  which  lead  to  the  suspicion  that  it  is  coal  from 
which  the  volatile  ingredients  have  been  expelled  by  subterranean 
heat.  At  the  Meissner,  in  Hessia,  it  is  found  between  a  bed  of  brown 
coal  and  basalt.  The  Kilkenny  coal  appears  to  be  a  variety  of  glance 
coal.  (Thomson,  An.  of  Phil.  ?ol.  xv.) 


SECTION  IV. 

SUBSTjiJ\rCE8,  THE  OXVOEJV  JlJ)ri)  HYDROGEJST  OF 
WHICH  ARE  IJ>r  EXACT  PROP ORTJOJV  FOR  FORM- 
U>rG  WATER. 

Sugar. 

Sugar  is  an  abundant  vegetable  product,  existing  in  a  great  many 
ripe  fruits,  though  few  of  them  contain  it  in  sufficient  quantity  for  be- 
ing collected.  The  juice  which  flows  from  incisions  made  in  the 
trunk  of  the  American  maple  tree,  is  so  powerfully  saccharine  that  it 
may  be  applied  to  useful  purposes.  Sugar  was^  prepared  in  France 
and  Germany  during  the  late  war  from  the  beet-root;  and  this  manu- 
facture is  at  present  carried  on  in  France  on  a  scale  of  considerable 
magnitude.  Proust  extracted  it  in  Spain  from  grapes.  But  nearly  all 
the  sugar  at  present  used  in  Europe  is  obtained  from  the  sugar-cane, 
{Arutuio  aaccharffera)  which  contains  it  in  greater  quantity  than  any 
other  plant.  The  process,  as  practised  in  our  West  India  Islands,  con- 
sists in  evaporating  the  juice  of  the  ripe  cane  by  a  moderate  and  cau- 
tious ebullition,  until  it  has  attained  a  proper  degree  of  consistence  for 
crystallizing.  During  this  operation  lime-water  is  added,  partly  for 
the  purpose  of  neutralizing  free  acid,  and  partly  to  facilitate  the  sepa- 
ration of  extractive  and  other  vegetable  matters,  which  unite  with  the 
lime  and  rise  as  a  scum  to  the  surface.  When  the  syrup  is  sufficiently- 
concentrated,  it  is  drawn  off  into  shallow  wooden  coolers,  where  it 
becomes  a  soft  solid  composed  of  loose  crystalline  grains'.  It  is  them 
put  into  barrels  with  holes  in  the  bottom,  through  which  a  black  ropy 

i'uice,  called  molasses  or  treacle,  gradually  drops,  leaving  the  crystaf- 
ized  sugar  comparatively  white  and  dry.  In  this  state  it  constitutes 
the  raw  or  muscovado  sugar. 

Raw  sugar  is  further  purified  by  boiling  a  sohition  of  it  with  white 
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of  eggs,  or  the  serum  of  bullock's  blood,  lime-water  being  generally 
employed  at  the  same  time.  When  properly  coifcentrated,  the  cla* 
rified  juice  is  received  in  conical  earthen  vessels,  the  apex  of  which  is 
undermost,  in  order  that  the  fluid  parts  may  collect  there,  and  be  after- 
wards drawn  off  by  the  removal  of  a  plug.  In  this  state  it  is  loaf  or 
refined  sugar.  In  the  process  of  refining  sugar,  it  Is  important  to  con- 
centrate the  syrup  at  a  low  temperature;  and  on  this  account  a  very 
great  improvement  was  introduced  some  years  ago  by  conducting  the 
evaporation  in  vacuo. 

Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very  agreeable  taste. 
It  is  hard  and  brittle,  and  when  two  pieces  are  rubbed  against  each 
other  in  the  dark,  phosphorescence  is  observed.  It  crystallizes  in  the 
form  of  four  or  six-sided  prisms  bevelled  at  the  extremities.  The  crys- 
tals are  best  made  by  fixing  threads  in  syrup,  which  is  allowed  to  eva- 
porate spontaneously  in  a  warm  room ;  and  the  crystallization  is  pro- 
moted by  adding  spirit  of  wine.  In  this  state  it  is  known  by  tlie  name 
of  sugar-candy. 

Sugar  undergoes  no  change  on  exposure  to  the  air;  for  the  deli- 
quescent property  of  raw  sugar  is  owing  to  impurities.  It  is  soluble 
in  an  equal  weight  of  cold,  and  to  almost  any  extent  in  hot  water.  It 
is  soluble  in  about  four  times  its  weight  of  boiling  alcohol,  and  the 
'  saturated  solution,  by  cooling  and  spontaneous  evaporation,  deposites 
large  crystals.  When  the  aqueous  solution  of  sugar  is  mixed  with 
yeast,  it  undergoes  the  vinous  fermentation,  the  theory  of  which  will 
be  explained  in  a  subsequent  section. 

Sugar  unites  with  the  alkalies  and  alkaline  earths,  forming  com- 
pounds in  which  the  taste  of  the  sugar  is  greatly  injured;  but  it  may 
be  obtained  again  unchanged  by. neutralizing  with  sulphuric  acid,  and 
dissolving  the  sugar  in  alcohol.  When -boiled  with  the  oxide  of  lead, 
it  forms  an  insoluble  compound,  which  consists  of  58.26  parts  of  the 
oxide  of  lead,  and  41.74  parts  of  sugar,  (Berzelius);  but  it  is  not  pre- 
cipitated by  the  acetate  or  subacetate  of  lead. 

Sulphuric  acid  decomposes  sugar  with  deposition  of  charcoal ;  and 
nitric  acid  causes  the  production  of  oxalic  acid,  as  already  described  in 
a  former  section.     The  vegetable  acids  diminish  the  tendency  of  su- 
'  gar  to  crystallize. 

Sugar  is  very  easily  affected  by  heat,  acquiring  a  dark  colour  and 
burned  flavour.  At  a  high  temperature,  it  yields  the  usual  products  of 
the  destructive  distillation  of  vegetable  matter,  together  with  a  con- 
siderable quantity  of  pyromucic  acid 

The  anaiy^s  of  sugar  by  different  chemists  are  considerably  discor- 
dant. This  is  accounted  for  not  only  by  errors  of  manipulation,  and 
impurity  in  the  materials ;  but  in  part  arises,  according  to  Dr  Prout, 
from  difference  in  composition.  In  his  Essay  on  Alimentary  Substan- 
ces, published  in  the  Philosophical  Transactions  for  1827,  page  855,  he 
states  that  pure  cane  sugar,  as  exemplified  in  sugar-candy  and  the  best 
loaf  sugar,  well  dried  at  212°  F,  consists  of  42.85  parts  of  carbon,  and 
67.15  of  oxygen,  and  hydrogen  in  the  proportion  for  forming  water; 
while  sugar  from  honey  contains  only  36.36  per  cent  of  carbon.  He 
considers  the  sugar  from  starch,  diabetic  urine,  and  grapes,  to  be  near- 
ly the  same  as  that  ffrom  honey.  The  sugar  from  the  maple  tree  and 
beet- root  corresponds  with  that  from  the  cane;  but  the  quantity  of 
carbon  in  these  kinds  of  sugar  appears  to  vary  from  40  to  42.85  per 
cent.  The  atomic  constitution  of  sugar  is  unknown ;  but  from  a  mr- 
mer  analysis  of  Dr  Prout,  it  is  thought  that  its  elements  are  in  the  ra- 
tio of  6  parts  or  one  equivalent  of  carbon  to  9  partt  or  one  equivalent 
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of  water,  or  by  Tolnme  of  one  tneafiure  of  the  vapour  of  carbon  to 
one  measure  of  aqueous  vapour.  This  estimate  is  admitted  by  most 
chemists. 

Molasses. — The  saccharine  principle  of  treacle  has  been  supposed 
to  be  different  from  crystallizable  sup:ar ;  but  it  more  probably  con- 
sists of  common  sugar,  which  is  prevented  from  crystallizing  by  the 
presence  of  foreign  substances,  such  as  saline,  acid,  and  other  vege- 
table matters. 

Sugar  of  Grapes, — ^The  sugar  procured  from  the  Rrape  has  the  es- 
sential properties  of  common  sugar.  Its  taste,  however,  is  not  so 
sweet  as  common  sugar,  and  accordmg  to  Saussure'  and  Prout,  it  dif- 
fers slightly  in  composition,  containing  a  smaller  quantity  of  carbon. 
The  saccharine  principle  of  the  acidulous  fruits  has  not  been  particu- 
larly examined.  It  is  obtained  with  difficulty  in  a  pure  state,  owing 
to  the  presence  of  vegetable  acids,  which  prevent  it  from  crystalliz- 
ing. 

A  saccharine  substance  similar  to  that  from  grapes  may  be  procured 
from  several  vegetable  principles,  such  as  starch  and  the  ligneous  fibre, 
by  the  action  of  sulphuric  acid. 

Honey. — According  to  Proust,  honey  consists  of  two  kinds  of  sac- 
charine matter,  one  of  which  crystallizes  readily  and  is  analogous  to 
common  sugar,  while  the  other  is  uncrystallizable.  They  may  be  se- 
parated by  mixing  honey  with  alcohol,  and  pressing  the  solution 
through  a  piece  of  linen.  The  liquid  sugar  is  removed,  and  the  crys- 
tallizable portion  Is  left  in  a  solid  state.  Besides  sugar,  it  contains 
mucilaginous,  colouring!  and  odoriferous  matter,  and  probably  a  veg- 
etable acid.  Diluted  with  water,  honey  is  susceptible  of  the  vinous 
fermentation  wltKout  the  addition  of  yeast. 

TThe  natural  history  of  honey  is  as  yet  imperfect.  It  Is  uncertain 
whether  booey'is  merely  collected  by  the  bee  from  the  nectaries  of 
flowers,  and  then  deposited  in  the  hive  unchanged,  or  whether  the 
saccharine  matter  of  the  flower  does  not  undergo  some  change  in  the 
body  of  the  animal. 

Manna, — ^Tbis  saccharine  matter  is  the  concrete  juice  of  several 
species  of  ash,  and  is  procured  in  particular  from  the  Fraxinus  omus. 
The  sweetness  of  manna  is  owing,  not  to  sugar,  but  to  a  distinct  prin- 
ciple called  mannite,  which  is  mixed  with  a  peculiar  vegetable  ex- 
tractive matter.  Manna  is  soluble  both  in  water  and  boiling  alcohol, 
and  the  latter,  on  cooling,  deposites  pure  mannite  in  the  form  of  mi- 
nute acicular  crystals,  which  are  often  arranged  in  concentrical  groups. 
Mannite  differs  from  sugar,  in  not  fermenting  when  mixed  witii  water 
and  yeast.  According  to  Dr  Prout,  it  contains  38.7  per  cent  of  car- 
bon, and  61.3  of  oxygen,  and  hydrogen  in  the  proportion  to  form  water. 

Starch  or  Fecida. — Amidine. 

Starch  exists  abundantly  in  the  vegetable  kingdom,  being  one  of 
the  chief  ingredients  of  most  varieties  of  grain,  of  some  roots,  such  as 
the  potato,  and  of  the  kernels  of  leguminous  plants.  It  Is  easily  pro- 
cured by  letting  a  small  current  of  water  fall  upon  the  dough  of  wheat 
flour  inclosed  in  a  piece  of  linen,  and  subjecting  It  at  the  same  time 
to  pressure  between  the  fingers,  until  the  liquid  passes  off  quite  clear. 
The  gluten  of  the  flour  Is  left  In  a  pure  state,  the  saccharine  and  mu- 
cilaginous matters  are  dissolved,  and  the  starch  is  washed  away  me- 
chanically, being  deposited  from  the  water  on  standing  in  the  form  of 
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a  white  powder.  An  aDalogous  process  is  practised  od  a  large  scale 
in  the  preparation  of  the  starch  of  commerce ;  and  very  pure  starch 
may  also  be  obtained  in  a  similar  manner  from  the  potato. 

Starch  is  insipid  and  inodorous,  of  a  white  colour,  and  insoluble  in 
alcohol,  ether,  and  cold  water.  It  does  not  crystallize ;  but  is  com- 
monly found  in  the  shops  in  six-sided  columns  of  considerable  regu- 
larity, a  form  occasioned  by  the  contraction  which  it  suffers  in  drying. 
Boiling  water  acts  upon  it  readily,  converting  it  into  a  tenacious  bulky 
ielly,  which  is  employed  for  stififening  linen.  In  a  large  quantity  of 
not  water,  it  is  dissolved  completely,  and  is  not  deposited  on  cooling. 
The  aqueous  solution  is  precipitated  by  subacetate  of  lead ;  but  the 
best  test  of  starch,  by  which  it  is  distinguished  from  all  other  sub- 
stances, is  iodine.  This  principle  forms  a  blue  compound  with  starch, 
whether  in  a  solid  state  or  when  dissolved  in  cold  water. 

Starch  unites  with  the  alkalies,  forming  a  compound  which  is  solu- 
ble In  water,  and  from  which  the  starch  is  thrown  down  by  acids. 
Strong  sulphuric  acid  decomposes  it.  Nitric  acid  in  the  cold  dissolves 
starch ;  but  converts  it  by  the  aid  of  heat  into  the  oxalic  and  malic 
acids. 

The  effects  of  heat  on  starch  are  peculiar,  and  have  lately  been  ex- 
amined by  M.  Caventou.  (An.  de  Chim.  et  de  Ph.  vol.  xxxi.)  On  ex« 
posine  dry  starch  to  a  temperature  a  little  above  212°  F.  it  acquires  a 
slightly  red  tint,  emits  an  odour  of  baked  bread,  and  is  rendered  soluble 
in  cold  water.  Starch  suffers  a  similar  modification  by  the  action  of 
hot  water.  Gelatinous  starch  is  generally  supposed  to  be  a  hydrate 
of  starch  ;  but  M.  Caventou  maintains  that  the  jelly  cannot  by  any 
method  be  restored  to  its  original  state.  He  regards  this  modified 
starch  as  identical.with  the  suMtance  described  by  Saussure  under  the 
name  of  amidme,  Saussure  thought  it  was  generated  by  exposing  a 
paste  made  with  starch  and  water  for  a  long  time  to  the  air;  but  ac- 
cording to  Caventou,  the  amidine  was  formed  by  the  action  of  the 
hot  water  on  starch  in  making  the  paste.  Its  essential  character  is  to 
yield  a  blue  colour  with  iodine,  and  to  be  soluble  in  cold  water. 
When  the  solution  is  gently  evaporated  to  dryness,  it  yields  a  trans- 
parent mass  like  bom,  which  retains  its  solubility  in  cold  water. 
When  starch  is  exposed  to  a  still  higher  temperature  than  is  sufficient 
for  converting  it  into  amidine.  a  more  complete  change  is  effected. 
It  now  dissolves  with  much  greater  facility  in  cold  water,  and  gives  a 
purple  colour  to  iodine.  A  similar  effect  is  produced  Iw  long  con- 
tinued boiling.  To  torrefied  staich,  that  is,  starch  modined  by  heat, 
whether  in  the  dry  way  or  by  boiling  water,  the  term  amidine  may 
be  applied. 

The  starch  from  wheat,  according  to  the  analysis  of  Gay-Lussac 
and  Thenard,  is  composed,  in  100  parts,  of  carbon  43.55,  oxygen  49.68, 
and  hydrogen  6.77 ;  and  this  result  agrees  with  the  analysis  of  potato 
starch  made  by  Berzelius.  The  results  of  Prout  and  Marcet  corres- 
pond closely  with  the  foregoing.  The  proport^^  ^f  jj,^  eollBmuents 
of  starch  is  therefore  very  an^lj^jiu^  to  Ihit  of  sugar,  a  circumsUnce 
which  wiU  account  ^,  ift^  conversion  of  the  former  into  the  latter. 
Thu  Change  Is  effected  in  seeds  at  the  period  of  germination,  and  is 
particularly  exemplified  in  the  process  of  malting  barley,  durmg  which 
the  starch  of  that  grain  is  converted  hito  sucar.  Proust*  finds  that 
barlev  contains  a  peculiar  principle  which  lie  calls  hordein,  and 
which  he  conceived  to  be  converted  in  malting  partly  into  starch,  and 
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partly  into  sugar.  Dr  Thomson  is  of  opinion  that  hordein  shonld  ra« 
ther  be  regarded  as  a  modification  of  starch  than  as  a  distinct  proxi- 
mate principle*.  A  similar  conversion  of  starch  into  sugar  appears  in 
some  instances  to  t>e  the  effect  of  frost,  as  in  the  potato,  apple,  and 
parsnip. 

If  starch  is  boiled  for  a  considerable  time  in  water  acidalated  with 
l-12th  of  its  weight  of  sulphuric  acid,  it  is  wholly  converted  ioto  a 
saccharine  matter  similar  to  that  of  the  grape.  This  fact  was  first  ob- 
served by  Kirchoff,  and  has  since  been  particularly  examined  by  Yogel, 
De  la  Rive,  and  Saussure.  It  has  been  established  by  Saussure  Uiat 
the  oxygen  of  the  air  exerts  no  influence  over  the  process,  that  no  gas 
is  disengaged,  that  the  quantity  of  acid  suffers  no  diminution,  and 
that  100  parts  of  starch  yield  110.14  of  sugar.  By  careful  analjrsis, 
be  found  that  the  only  difierence  in  the  composition  of  the  starch  and 
sugar  is,  that  the  latter  contains  more  of  the  elements  of  water  than 
the  former.  He  hence  inferred  that  the  starch  is  converted  into  sugar 
by  its  elements  combining  with  a  certain  quantity  of  oxygen  and  hy- 
drogen in  the  proportion  to  form  water ;  and  that  the  acid  acts  only  by 
increasing  the  fluidity  of  the  mass.  (Ann.  of  Philosophy,  vol.  vi.) 
Saussure  also  found  that  a  large  quantity  of  saccharine  matter  is  pro- 
duced, when  gelatinous  starch  or  amidine  is  kept  for  a  long  time 
either  with  or  without  the  access  of  air.  (An.  de  Cb.  et  de  Ph. 
vol.xi.) 

The  recent  researches  of  M.  Caventou,  already  referred  to,  have 
thrown' considerable  light  on  the  chemical  nature  of  several  of  the 
amylaceous  principles  of  commerce.  The  Indian  arrovo  root,  which  is 
prepared  from  the  root  of  the  Marania  arundinaeea,  has  all  the  cha- 
racters of  pure  starch.  Sago,  obtained  from  the  pith  of  an  East  In- 
dian palm  tree,  (Cyeas  cireinalis)  and  tapioca,  from  the  root  of  the 
latroptia  manihot,  are  chemically  the  same  substance.  They  both 
exist  in  the  plants  from  which  they  aie  extracted,  in  the  form  of  starch ; 
but  as  heat  is  employed  in  their  preparation,  the  starch  is  more  or  less 
completely  converted  into  amidine.  It  hence  follows  that  pure  po- 
tato starch  may  be  used  instead  of  arrow  root,  and  that  the  same  ma- 
terial, modified  by  heat,  would  afford  a  good  substitute  for  sago  and 
tapioca.  Salep,  which  is  obtained  from  the  Orchis  mcucuia,  consists 
almost  entirely  of  the  substance  called  baasorin,  together  with  a  small 
quantity  of  gum  and  starch. 

Gum. 

Gum  is  a  common  proximate  prindple  of  vegetables,  and  is  not 
confined  to  any  particular  part  of  plants.  The  purest  variety  is  the 
gum  arable,  the  concrete  juice  of  several  species  of  the  Mimosa  or 
Aeaeiay  natives  of  Africa  and  Arabia. 

Gum  9iabic  occurs  in  small,  rounded,  transparent,  friable  grains,  com» 
monty  of  a  pale  yellow  colour,  inodorous,  and  nearly  tasteless.  It 
softens  when  put  into  water,  abd  then  dissolves,  forming  a  viscid  so- 
lution called  mudlttge.  It  is  insoluble  in  alcohol  and  eSier,  and  the 
former  precipitates  gum  from  its  solution  in  water  in  the  form  of  opake 
white  flakes.  It  is  soluble  both  in  alkaline  solutions  and  in  lime-- 
water,  and  is  precipitated  unchanged  by  acids.  The  dilute  acids  dis- 
solve, and  the  concentrated  acids  decompose  gum.  Sulphuric  acid 
causes  the  formation  of  water  and  acetic  acid,  and  deposition  of  cbar- 

*  Annals  of  Philosophy,  vol.  k. 
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coal.  Digested  with  strong  nitric  acid,  it  yields  saccholactic  acid,  a 
property  which  forms  a  good  character  for  gum.  The  malic  and  oxa- 
lic acids  are  generated  at  the  same  time. 

The  aqueous  solution  of  gum  may  be  preserved  a  considerable  time 
without  alteration ;  but  at  length  it  becomes  sour,  and  exhales  an  odour 
of  acetic  acid ;  a  change  which  takes  place  without  exposure  to  the 
air,  and  must,  therefore,  be  owing  to  a  new  arrangement  of  its  own 
elements. 

Gum  is  precipitated  from  its  solution  in  water  by  several  metallic 
salts,  and  especially  by  the  subacetate  of  lead,  which  occasions  a 
curdy  precipitate,  consisting  of  3S.25  parts  of  the  oxide  of  lead,  and 
61.75  parts  of  gum.  (Ber%elius.) 

When  gum  is  heated  t&  redness  in  close  vessels,  it  yields,  in  addi- 
tion to  the  usual  products,  a  small  quantity  of  ammonia,  which  is  pro- 
bably derived  from  some  impurity.  It  affords  a  large  residue  of  ash, 
when  burned,  which  amounts  to  three  per  cent,  and  consists  chiefly 
of  the  carbonate,  together  with  some  phosphate  of  lime,  and  a  little 
iron. 

From  the  analysis  of  Oay-Lussac  and  Thenard,  it  appears  that  100 
parts  of  gum  arable  consist  of  carbon  42.23,  oxygen,  50.84,  and  hy- 
drogen 6.93.  This  result  corresponds  very  closely  with  that  of  fier- 
zelius. 

Besides  gum  arable  there  are  several  well-marked  kinds  of  this  prin . 
ciple,  especially  the  gum  tragacanth,  cherry-tree  gum,  and  the  muci* 
lage  from  linseed.  All  these  varieties,  though  distinguishable  from 
one  another  by  some  peculiarity,  have  the  common  character  of  yield- 
ing the  saccholactic  by  the  action  of  nitric  acid.  (Dr  Bostock  in 
Nicholson's  Journal,  vol.  xviii. )  The  substance  called  vegetable  jelly  ^ 
such  as  is  derived  from  the  currant,  appears  to  be  mucilage  or  some 
modification  of  gum  combined  with  vegetable  acid.. 

A  substance  very  analogous  to  vegetable  jelly,  if  not  identical  with 
it,  has  been  described  by  M.  Braconnot  as  a  distinct  acid  under  the 
name  of  pectic  acid,  (from  vnx-rh  coagulum),  indicative  of  its  ten- 
dency to  gelatinize.  M.  Braconnot  believes  it  to  be  present  in  all 
plants ;  but  extracts  it  chiefly  from  the  carrot.  The  original  account 
of  its  properties  appears  to  have  been  exaggerated,  and  its  claim  to  be 
regarded  as  an  independent  proximate  principle  has  not  yet  been  clearly 
esteblished.  (An.  de  Ch.  et  Ph.  xxviii.  173.) 

LAgnin. 

lAgnin  or  woody  fibre  constitutes  the  fibrous  structure  of  vegeta- 
ble substances,  and  is  the  most  abundant  principle  in  plants.  The 
different  kinds  of  wood  contain  about  96  per  cent  of  lignin.  It  is 
prepared  by  digesting  the  sawings  of  any  kind  of  wood  successively 
in  alcohol,  water,  and  dilute  muriatic  acid,  until  all  the  substances 
soluble  in  these  menstrua  are  removed. 

Lignin  has  neither  taste  nor  odour,  undergoes  ho  change  by  keep- 
ing, and  is  insoluble  in  alcohol,  water,  and  the  dilute  acids.  By  diges- 
tion in  a  concentrated  solution  of  pure  potassa,  it  is  converted,  ac- 
cording to  M.  Braconnot,  into  a  substance  similar  to  ulmin.  Mixed 
with  strong  sulphuric  acid,  it  suffers  decomposition,  and  is  changed 
into  a  matter  resembling  gum ;  and  on  boiling  the  liquid  for  some  time, 
the  mucilage  disappears,  and  a  saccharine  principle  like  the  sugar  of 
grapes  is  generated.  M.  Braconnot  finds  that  several  other  substances 
which  consist  chiefly  of  woody  fibre,  such  as  straw,  bark,  or  linen, 
yield  sugar  by  a  similar  treatment.   (An.  de  Ch.  et  de  Ph.  vol.  xU.) 
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Digested  id  nitric  Mid,  ligoin  \»  cpBvetted  into  the  (naUc,  malic,  and 
acetic  acids. 

Wlien  the  woody  fibre  is  heated  in  close  vessels,  it  yields  a  large 
quantity  of  impure  acetic  acid,  (pyroligneous  acid),  and  charcoal  of 
great  purity  remains  in  the  retort.  During  this  process,  a  peculiar 
spirituous  liquid  is  formed,  which  was  discovered  in  1812  by  Mr  P. 
Taylor*,  and  has  been  examined  by  MM.  Macaire  and  Marcetf,  who 
proposed  for  it  the  name  of  pyroxylie  spirit.  This  liquid  is  similar  to 
alcohol  in  several  of  its  propiertles,  but  differs  from  it  essentially  in  not 
yielding  ether  by  the  action  of  sulphuric  acid.  It  has  a  strong,  pun- 
cent,  ethereal  odour,  with  a  flavour  like  the  oil  of  peppermint.  It 
boils  at  150°  F.  and  its  density  is  0.828.  It  bums  with  a  blue  flame, 
and  without  residue.  The  pyroacetic  spirit,  obtained  by  Mr  Cbene^ 
viz  by  distilling  the  acetates  of  manganese,  zinc,  and  lead,  differs  from 
the  pyroxylic  spirit,  not  only  in  composition,  but  in  bumine  with  a 
yellow  flame,  and  in  being  miscible  in  all  proportions  with  the  oil  of 
turpentine.  Pyroxylic  spirit,  according  to  the  analysis  of  Macaire  and 
Marcet,  consists  of  carbon,  oxygen,  and  hydrogen,  very  nearly  in  the 
proportion  of  six  equivalents  of  the  first,  four  of  the  second,  and  seven 
of  the  third ;  and  the  pyroacetic  spirit,  of  four  equivalents  of  carbon, 
two  of  oxygen,  and  three  of  hydrogen.  The  pyroacetic  spirit  appears 
very  similar,  if  not  identical  with  the  pyroacetic  ether  of  Derosne ; 
and,  like  the  pyroxylic  spirit,  differs  essentially  from  alcohol  in  not 
yielding  ether  by  the  action  of  sulphuric  acid.  (Page  427.) 

The  ligneous  fibre  was  found  by  6ay-Luasac  and  Thenard  to  con- 
sist of  carbon  51.43,  oxygen  42.73,  and  hydrogen  5.82.  According  to 
Dr  Prout  it  contains  50  per  cent  of  carbon. 


SECTION  V. 

SUBSTjUVCBS  which,  so  far  JlS  JS  KKOWJ<r,  BO 
JVOT  BELOJ\rO  TO  EITHER  OF  THE  PRECEDU^O 
8ECTI0JV8, 

Colouring  Matter. 

Infinite  diversity  exists  in  the  colour  of  vegetable  substances ;  but 
the  prevailing  tints  are  red,  yellow,  blue,  and  green,  or  mixtures  of 
these  colours.  The  colouring  matter  rarely  or  never  occurs  in  an  in- 
sulated state,  but  is  always  attached  to  some  other  proximate  principle, 
such  as  mucilaginous,  extractive,  farinaceous,  or  resinous  substances, 
by  which  some  of  its  properties,  and  in  particular  that  of  solubility,  is 
greatly  influenced.  Nearly  all  kinds  of  vegetable  colouring  matter 
are  decomposed  by  the  combined  agency  of  the  sun's  rays  and  a  moist 
atmosphere ;  and  they  are  all,  without  exception,  destroyed  by  chlorine. 
(Page  197.)  Heat,  likewise,  has  a  simihir  effect,  even  without  being 
very  intense ;  for  a  temperature  between  800°  or  400°  F.  aided  by 
moist  air,  destroys  the  colouring  ingredient.    Acids  and  alkalies  com- 

*  Quarterly  Journal,  vol.  ziv.  p.  436. 

t  Annals  of  Philosophy,  N.S.  vol.  viii.  p.  69. 
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moDly  change  the  tint  of  vegetable  eoloun,  entering  into  comblna* 
tion  with  them,  so  as  to  form  new  compounds. 

Several  of  the  metallic  oxides,  and  especially  alumina  and  the  oxides 
of  iron  and  tin,  form  with  colouring  matter  insoluble  compounds,  to 
which  the  name  of  takes  is  applied.  Lakes  are  commonly  obtained 
by  mixing  alum  or  the  muriate  of  the  peroxide  of  tin  with  a  coloured 
solution,  and  then  by  means  of  an  alkali  precipitating  the  oxide  which 
unites  with  the  colour  at  the  moment  of  separation.  On  this  property 
are  founded  many  of  the  processes  in  dyeing  and  calico-printing. 
The  art  of  the  dyer  consists  in  giving  a  uniform  and  permanent  colour 
to  cloth.  This  is  sometimes  effected  merely  by  immersing  the  cloth 
in  the  coloured  solution ;  whereas  in  other  instances  the  affinity  be- 
tween the  colour  and  the  fibre  of  the  doth  is  so  slight,  that  it  only  re- 
ceives a  stain  which  is  removed  by  washing  with  water.  In  this 
case  some  third  substance  is  requisite,  which  has  an  affinity  both  for 
the  cloth  and  colouring  matter,  and  which,  by  combining  at  the  same 
time  with  each,  may  cause  the  dye  to  be  permanent.  A  substance  of 
this  kind  was  formerly  called  n  mordant,  but  the  term  bases,  intro- 
duced by  the  late  Mr  Henry  of  Manchester,  is  now  more  generally 
employed.  The  most  important  bases,  and  indeed  the  only  ones  in 
common  use,  are  alumina,  oxide  of  iron,  and  oxide  of  tin.  The  two 
former  are  exhibited  in  combination  either  with  the  sulphuric  or  acetic 
acid,  and  the  latter  most  commonly  as  the  muriate.  Those  colour- 
ing substances  that  adhere  to  the  cloth  without  a  basis  are  called  sub' 
siantwe  colours,  and  those  which  require  a  basisy  adjective  colours. 

Various  as  are  the  tints  observable  in  dyed  stufl&,  they  may  all  be 

K reduced  by  the  four  simple  ones,  blue,  red,  yellow,  and  black ;  and 
ence  it  will  be  convenient  to  treat  of  colouring  matters  in  that  order. 

Slue  Dyes. — Indigo  is  the  chief  substance  employed  for  giving  the 
blue  dye.  The  best  indigo  is  obtained  from  an  American  and  Asiatic 
plant,  the  Jndigofera^  but  an  inferior  sort  has  also  been  prepared  from 
the  Jbatis  tinetoria,  or  wood,  a  native  of  Europe.  The  plant  is  cut  a 
short  time  before  its  flowering,  and  is  put  into  large  vats  covered  with 
water,  when  fermentation  spontaneously  ensues,  during  which  the  in- 
digo subsides  in  the  form  of  a  pulverulent  pulpy  matter.  Its  colour  Is 
at  first  green  ;  but  by  exposure  to  the  air,  it  absorbs  oxygen  and  be- 
comes blue. 

Indigo  is  a  light  brittle  substance,  of  a  deep  blue  colour,  and 
without  either  taste  or  odour.  At  550^  F.  it  sublimes,  forming  a 
violet  vapour  with  a  tint  of  red,  and  condensing  into  long  flat  acicular 
crystals,  which  appear  red  by  reflected,  and  blue  by  transmitted  light. 
The  process  of  subliming  indigo  is  one  of  considerable  delicacy,  owing 
to  the  circumstance  that  the  temperature  at  which  it  sublimes  is  very 
near  that  at  which  it  is  decomposed.  Sublimation,  however,  affords 
the  best  method  of  procuring  indigo  in  a  state  of  perfect  purity,  and 
minute  directions  have  been  given  by  Mr  Crum  for  conducting  it  with 
success,  (An.  of  Phil.  N.  S.  vol.  v.) 

Indigo  in  its  dry  state  may  be  preserved  without  change ;  but 
when  kept  under  water,  it  is  gradually  decomposed.  It  is*quite  in- 
soluble in  water  and  alcohol,  and  is  attacked  by  the  alkalies  in  a 
partial  manner.  Its  only  proper  solvent  is  concentrated  sulphuric 
add.  When  indigo  is  put  into  this  acid,  a  vellow  solution  is  at  first 
formed,  which,  after  a  few  hours,  acquires  a  deep  blue  colour.  If  the 
indigo  is  pure,  sulphurous  acid  is  not  generated,  nor  is  the  acid  de- 
composed ;  but  the  indigo  undergoes  a  change,  for  it  is  rendered 
■oluble  in  water.  To  the  indigo  thus  modified  Mr  Crum  has  applied 
the  name  of  eeruUn,  and  he  regards  it  as  a  compound  of  one  equiva- 
Pp  2 
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tent  of  indi^,  and  four  of  water.  Thia  aolutioD,  properly  diluted 
with  water,  la  employed  by  dyers  for  forming  what  U  called  the  Shu* 
on  blue,  Mr  Crum  baa  also  described  another  compound  of  in^o 
and  water,  under  the  name  ofpheneein,  from  ^oir/^  purple,  because 
it  acquires  a  purple  colour  on  the  addition  of  a  salt,  it  appears  to  con- 
sist of  one  equivalent  of  indip^o,  and  two  of  water. 

When  indigo,  suspended  m  water,  is  brought  into  contact  with  cer- 
tain deoxidizing  agents,  it  is  deprived  of  oxygen,  becomes  green,  and 
is  rendered  soluble  in  water,  and  still  more  so  in  the  alkalies.  This 
effect  is  produced,  for  example,  .by  sulphuretted  hydrogen,  by  the 
hydrosulphuret  of  ammonia,  by  the  protoxide  of  iron  precipitated  by 
lime  or  potassa,  or  by  a  solution  of  the  sulphuret  of  arsenic  in  potassa. 
On  dipping  cloth  into  a  solution  of  deoxidized  indigo,  it  receives  a 
green  tint,  which  becomes  blue  by  exposure  to  the  air.  This  is  the 
usual  method  of  dyeins  blue  by  means  of  indigo,  a  colour  which  ad- 
heres permanently  to  cloth  without  the  intervention  of  a  basis. 

From  the  analytical  researches  of  Mr  Crum,  it  appears  that  indigo 
is  composed  of  nitrogen,  oxygen,  hydrogen,  and  carbon,  in  the  pro- 
portion of  one  equiv^ent  of  the  first  element,  two  of  the  second,  ibur 
of  the  third,  and  sixteen  of  the  fourtlK  This  would  make  its  atomic 
weight  130. 

Med  Dyes. — The  chief  substances,  which  are  employed  for  giving 
the  red  dye  are  cochineal,  archil,  madder,  Brazil  wood,  logwood,  and 
safflower,  all  of  which  are  a^ective  colours.  The  cochineal  is  obtained 
from  an  insect  which  feeds  upon  the  leaves  of  several  species  of  the 
cactus,  and  which  is  supposed  to  derive  this  colouring  matter  from 
its  food.  It  is  very  sbluble  in  water,  and  is  fixed  on  cloth  by  means 
of  alumina  or  the  oxide  of  tin.  Its  natural  colour  is  crimson ;  but 
when  the  bitartrate  of  potassa  is  added  to  the  solution,  it  yields  a  rich 
scarlet  dye.  The  beautiful  pigment  called  carmine,  is  a  lake  made  of 
cochineal  and  alumina,  or  the  oxide  of  tin. 

The  dye  called  arehU  is  obtained  from  a  peculiar  kind  of  lichen, 
{lAehen  roccella,)  which  grows  chiefly  in  the  Canary  Islands,  and  is 
employed  by  the. Dutch  in  forming  the  blue  pigment  -called  liimus  or 
iumsol.  The  colouring  ingredient  of  Utmus  is  a  compound  of  the  red 
colouring  matter  of  the  lichen  and  an  alkali ;  and  hence,  on  the  addi- 
'  tion  of  an  acid,  the  colouring  matter  is  set  free,  and  the  red  tint  of  the 
plant  is  restored.  Litmus  is  not  only  used  as  a  dye,  but  is  employed 
by  chemists  for  detecting  the  presence  of  a  free  acid. 

The  colouring  principle  of  logwood  has  been  procured  in  a  separate 
state  by  M.  Chevreul,  who  has  applied  to  it  the  name  of  hematm. 
(An.  de  Cb.  vol.  Ixxxi.)  It  is  obtained  in  crystals  by  digesting  the 
aqueous  extract  of  logwood  in  alcohol,  and  allowing  the  I^IcohoUc 
solution  to  evaporate  Spontaneously^ 

The  safHower  is  the  dried  flowers  of  the  Carthamus  tinetorius,  which 
is  cultivated  in  Egypt,  Spain,  and  in  some  parts  of  the  Levant.  '  The 
pigment  called  rouge  is  prepared  from  this  dye.  Madder  is  the  root  of 
the  Rubia  iinetorum. 

Yellow  Dyes. — The  chief  yellow  dyes  are  the  quercitron  bark, 
turmeric,  wild  American  hiccory,  fustic,  and  saffron.  They  are  all 
adjective  colours.  The  quercitron  bark,  whidi  is  one  of  the  most 
important  of  the  yellow  dyes,  was  introduced  into  notice  by  Dr  Ban- 
croft. With  a  basis  of  alumina,  the  decoction  of  this  bark  gives  a 
bright  yelk)w  dye.  With  the  oxide  of  tin,  it  communicates  a  variety 
of  tints  which  may  be  made  to  vai^  from  a  pale  lemon  colour  to  deep 
orange.    With  the  oxide  of  iron  it  gives  a  drab  colour. 

Turmeric  is  the  root  of  the  Cfurcuma  longa,  a  native  of  the  East 
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lodie*.  Paper  stained  with  a  decoctkHi  of  this  eubitaDeo  eonsrtitutei 
tiie  turmene  or  curcuma  paper,  employed  by  cbemista  as  a  test  of 
free  al([ali,  by  the  action  of  which  it  receives  a  brown  stain. 

The  colouring  ingredient  of  saffron  [Crocus  saHvus)  is  soluble  in 
water  and  alcohol,  has  a  bright  yellow  colour,  is  rendered  blue  and 
then  lilac  by  sulphuric  acid,  and  receiires  a  green  tint  on  the  addition 
of  nitric  acid.  From  the  great  diversity  of  colours  which  it  is  capable 
of  assuming  under  different  circumstances,  MM.  Bouillon  Lagraoce 
and  Vogel  havei  proposed  for  itthepame  of  polychroUe.  (An.de  Cb. 
vol.  Ixxz.) 

Black  Vyes, — The  black  dye  is  made  of  the  same  ingredients  as 
writing  ink,  and  therefore  consists  essentially  of  a  compound  of  the 
oxide  of  iron  with  gallic  acid  and  tannin.  From  the  addition  of  log« 
wood  and  acetate  of  copper,  the  black  receives  a  shade  of  blue. 

By  the  dexterous  combination  of  the  four  leading  colours,  blue,  red, 
yellow,  and  black,  all  other  shades  of  colour  may  be  procured.  Tlius 
green  is  communicated  by  forming  a  blue  ground  withiiidigo,  and  then 
adding  a  yellow  by  means  of  quercitron  bark. 

Xbe  reader  who  is  desirous  of  studying  the  details  of  dyeing  and 
calp^printing,  a  subject  which  does  not  fall  within  the  plan  of  this 
work,  may  consult  Bertholiet's  EUmerUs  de  VArt  de  la  T^inture ; 
the  treatise  of  Dr  Bancroft  on  Permanent  Colours ;  a  paper  by  Mr 
Henry  in  the  third  volume  of  the  Manchester  Memoirs ;  and  the  Es- 
say of  Thenard  and  Roard  in  the  74th  volume  of  the  Jinndlcs  dc 
ChUnic, 

Tannin, 

Tannin  exists  in  large  quantity  in  the  excrescences  of  several  spe- 
cies of  the  oak,  called gaU-nu/s;  in  the  bark  of  most  trees';  in  some 
inspissated  juices,  such  as  kino  and  catechu ;  in  the  leaves  of  the  tea- 
plant,  sumach,  whortleberry,  (Vba  urai,)  and  in  all  astringent  plants, 
being  the  chief  cause  of  the  astringency  of  vegetable  matter.  It  is 
frequently  associated  with  gallie  acid,  as  for  example  in  galUnuts, 
most  kinds  of  bark,  and  In  tea ;  but  in  kino,  catechu,  and  cinchona 
bark,  no  gallic  acid  is  present.  In  some  instances,  tannin  appears  to 
be  converted  into  gallic  acid.  Thus  on  exposing  an  infusion  of  gall- 
nuts  for  some  time  to  the  air,  nearly  all  the  tannin  disappears,  and  a 
quantity  of  gallic  acid  is  found  in  the  liquid  much  greater  than  what 
it  bad  originally  contained.  (Page  439.) 

Several  processes  have  been  recommended  for  the  preparation  of 
tannin ;  but  it  is  doubtful  if  it  has  ever,  by  these  methods,  been  ob-. 
tained  iq  a  pure  state.  Owing  to  this  circumstance,  the  nature  and 
composition  of  tannin  is  involved  in  obscurity.  Proust  proposes  to 
prepare  tannin  by  pouring  muriate  of  tin  into  a  concentrated  solution 
of  Aleppo  galls,  until  the  yellowish  precipitate,  which  at  first  falls, . 
ceases  to  appear.  The  precipitate  is  washed  with  a  small  quantity  of 
cold  water,  and  then  dissolved  in  warm  water,  through  which  a  current 
of  sulphuretted  hydrogen  gas  is  transmitted,  in  order  to  precipitate  the 
tin.  From  the  clear  liquid,  after  being  filtered,  the  tannin,  mixed  with 
a  little  gallic  acid  and  extractive  matter,  is  procured  by  gentle  evapora- 
tion. 

Tannin,  in  Us  dry  state,  is  a  brown  friable  substance,  of  a  resinous 
fracture,  insoluble  in  pure  alcohol,  but  soluble  in  water.  The  aqueous 
solution  has  a  deep  brown  colour,  and  is  said  not  to  become  mouldy  by 
keeping.  It  has  a  strong  attraction  both  for  acids  and  alkalies,  forming 
compounds  which  are,  for  the  most  part,  of  sparing  solubility  in  water. 
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Tbuf  the  ■ulphurie,  muriatic,  and  most  other  acids,  added  to  a  aolution 
of  gall-Dots,  cause  a  precipitate,  which  is  tannin  combined  with  a  por- 
tion of  acid.  The  alkaline  bases- have  a  similar  effect.  Tannin  is  pre- 
cipitated, for  example,  by  the  carbonates  of  potassa  and  ammonia,  by 
the  alkaline  earths,  by  alumina,  and  many  of  the  oxides  of  the  com- 
mon metals.  Nitric  acid  and  chlorine  decompose  tannin,  producing  a 
change,  the  nature  of  which  is  not  well  understood* 

The  most  characteristic  property  of  tanoin  is  its  action  on  a  salt  of 
iron  and  a  solution  of  gelatin.  With  the  peroxide  of  iron,  or  still  bet- 
ter with  the  protoxide  and  peroxide  mixed,  tannin  forms  a  black- 
coloured  compound,  which,  together  with  the  gallate  of  iron,  consti- 
tutes the  basis  of  writing  ink  and  the  black  dyes.  ( Page  475. )  Mixed 
with  a  solution  of  gelatin,  a  yellowish  floccuient  precipitate  subsides, 
which  is  insoluble  in  water,  resists  putrefaction  powerfully,  and  on 
dijring  becomes  bard  and  tough.  This  substance,  to  which  the  name 
of  tanno'gelatin  has  been  applied,  is  the  essential  basis  of  leather, 
being  always  formed  when  skins  are  macerated  in  an  infusion  of  bark. 
The  composition  of  tanno-gelatin  is  not  always  uniform,  having  been 
found  by  Dr  Duncan,  jun.  and  Dr  Bostock  to  vary  with  the  propoi||on8 
employed.  If  the  gelatin  is  added  in  slight  excess  only,  the  resuMmg 
compound  consists,  according  to  Sir  H.  Davy,  of  54  parts  of  gelatin 
and  46  of  tannin ;  so  that  the  quantity  of  tannin  contained  in  ttny  fluid 
may  in  this  way  l>e  determined  with  tolerable  precision.  Tanno- 
gelatin  is  soluble  to  a  considerable  extent  in  an  excess  of  gelatin. 

From  an  analysis  of  the  compound  of  tannin  and  oxide  of  lead,  Ber- 
zelius  states  that  100  parts  of  tannin  are  composed  of  carbon,  60.56, 
oxygen  46,  and  hydrogen  4.45.  Little  reliance,  however,  can  be 
placed  on  this  result,  TOcause  we  are  quite  uncertain  as  to  the  purity 
of  the  tannin,  which  was  combined  with  the  lead. 

From  tHe  experiments  of  Sir  H.  Davy,  it  appears  that  the  inner  cor- 
tical tayers  of  barks  are  the  richest  in  tannin.  The  quantity  is  greatest 
in  the  beginning  of  spring,  at  the  time  the  buds  begin  to  open,  and 
smallest  during  winter.  Of  all  the  varieties  of  bark  which  he  examined, 
that  of  the  oak  contains  the  greatest  quantity  of  tannin. 

jiriifieial  Tannin. — This  interesting  substance  was  discovered 
twenty  years  ago  by  Mr  Hatchett,  who  gave  a  full  description  of  it 
in  the  Philosophical  Transactions  for  1805  and  1806.  The  best 
method  of  preparing  it  is  by  the  action  of  nitric  acid  on  charcoal. 
For  this  purpose,  100  grains  of  charcoal  in  fine  powder  are  digested  in 
an  ouDce  of  nitric  acid,  of  density  1.4,  diluted  with  two  ounces  of  water. 
The  mixture  is  exposed  to  a  gentle  heat,  which  is  to  be  continued 
until  all  the  charcoal  is  dissolved.  The  reddish^brown  solution  is  then 
evaporated  to  dryness,  in  order  to  expel  the  pure  acid,  the  temperature 
being  carefully  regulated  towards  the  close  of  the  process,  so  that  the 
product  may  not  be  decomposed. 

«  Artificial  tannin  is  a  brown  fusible  substance,  of  a  resinous  fracture, 
and  astringent  taste.  It  is  soluble  even  in  cold  water  and  in  alcohol. 
It  reddens  litmus  paper,  probably  from  adhering  nitric  acid.  With  a 
salt  of  iron  and  solution  of  gelatin,  it  acts  precisely  in  the  same  man- 
ner as  natural  tannin.  It  differs,  however,  from  that  substance  in  not 
being  decomposed  by  the  action  of  strong  nitric  acid. 

Artificial  tannin  may  be  prepared  in  several  ways.  Thus  it  is  gen- 
erated by  the  action  of  nitric  acid,  both  on  animal  or  vegetable 
charcoal,  and  on  pit-coal,  asphaltum,  jet,  indigo,  common  resin*  and 
several  resinous  substances.  It  is  also  procured  t>y  treating  common 
resin,  elemi,  assafoetida,  camphor,  balsams,  &c.  first  with  sulphuric 
acid,  and  then  with  alcohol. 
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Oluten.  Yeast.  Vegetable  Albumen. 

^  Gluten  is  procured  by  the  process  which  was  described  for  prepa- 
ring starch  from  wheat  flour.  (Page  468.)  It  has  a  gray  colour  and 
fibrous  structure,  accompanied  with  a  high  degree  of  viscidity  and 
elasticity.  It  has  scarcely  any  taste,  and  is  insoluble  in  water,  alcohol, 
and  ether ;  but  Dr  Bostock  found  that  a  small  portion  is  taken  up  by 
long  digestion  in  water.  Both  the  acids  and  alkalies  dissolve  gluten. 
The  acid  solution  is  precipitated  by  an  alkali,  and  reciprocally  the 
alkaline  solution  by  an  acid,  the  gluten  in  ^aeh  case  having  lost  its 
elasticity. 

When  gluten  is  kept  in  a  warm  moist  situation  it  ferments,  and  an 
acid  is  formed ;  but  in  a  few  days  putrefaction  ensues,  and  an  offensive 
odour,  like  that  of  putrefying,  animal  matter,  is  emitted.  According 
to  Proust,  who  has  made  these  spontaneous  changes  a  particular 
object  of  study,  the  process'is  divisible  into  two  distinct  periods.  In 
the  first,  carbonic  acid  and  pure  hydrogen  gases  are  evolved  ;  and  in 
the  second,  besides  the  acetic  and  phosphoric  acids  and  ammonia, 
two  new  compounds  are  generated,  for  which  he  proposes  the  names 
of  etueU  aeid  and  caseoua  oxide.  These  are  the  same  principles 
which  are  generated  during  the  fermentation  of  the  curd  of  milk,  and 
their  real  nature  will  be  considered  in  the  section  on  milk.  It  is  ap- 
parent from  these  circumstances  that  gluten  contains  nitrogen' as  one 
of  its  elements,  and  that  it  approaches  closely  to  the  nature  of  animal 
substances.    It  has  hence  been  called  a  vegeto-animal  principle. 

If  gluten  is  dried  by  a  gentle  heat,  it  contracts  in  volume,  becomes 
bard  and  brittle,  and  may  in  this  state  be  preserved  without  change. 
Exposed  to  a  stronc  heat,  it  yields,  in  addition  to  the  usual  inflamma- 
ble gases,  a  thick  retid  oil,  and  carbonate  of  ammonia. 

Gluten  is  present  in  most  kinds  of  grain,  such  as  wheat,  barley,  rye» 
oats,  peas,  and  beans ;  but  the  first  contains  it  in  by  far  the  iarsest 
proportion.  This  is  the  reason  that  wheaten  bread  is  more  nutritiotta 
than  that  made  with  other  kinds  of  flour ;  for  of  all  vegetable  substan- 
ces, gluten  appears  to  be  the  most  nutritive.  It  is  to  the  presence  of 
gluten  that  wheat  flour  owes  its  property  of  forming  a  tenacious  paste 
with  water.  To  the  same  cause  is  owing  the  formation  of  lieht 
spongy  bread  ; .  the  carbonic  acid  which  is  disengaged  during  the  fer- 
mentation of  dough,  being  detained  by  the  viscid  gluten,  distends  tiie 
whole  mass,  and  thus  produces  the  rtstn^of  the  dough.  From  the 
experiments  of  Sir  H.  Davy,  it  appears  that  good  wheat  flour  contains 
from  19  to  24  per  cent  of  gluten.  The  wheat  grown  in  the  south  of 
Europe  is  richer  in  gluten  Sian  that  of  colder  climates. 

M.  Taddey,  an  Italian  chemi8{,has  succeeded  in  obtaining  two  dis- 
tinct principles  from  gluten,  to  one *of  which  he  has  applied  the  name  of 
gliadmet  from  yxidt^  gluten^  and  to  the  other  that  of  zymame^  from 
{Vybts,  a  ferment.  (Ann.  of  Phil.  volJJIlA^ 

To  obtain  these  principles,  the  gluten  is  Wled  with  successive  por- 
tions of  alcohol,  until  the  spirit  ceases  to  be  rendered  milky  bv  the  ad- 
dition of  water.  By  this  process  the  gliadine,  which  is  soluble  in  al- 
cohol, is  dissolved,  and  may  be  procuiid  by  evaporating  the  alcoholic 
solution ;  while  the  zymome,  which  Is  insoluble  in  that  menstruum,  is 
left  in  a  pure  state. 

Gliadine  is  a  brittle,  slightly  transparent  substance,  of  a  yellow  co- 
lour, and  a  sweetish  balsamio taste.  Its  smell,  in  the  cold,  is  like  that 
of  the  honeycomb ;  but,  when  heated,  it  emits  an  odour  similar  to  that 
of  boiled  apples.    It  is  soluble  to  a  considerable  extent  in  boiling  al- 
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cohol,  and  is  in  part  deposited  io  cooling.  The  alcoholic  solation  itf 
raadered  millry  by  water,  and  the  i^liadioe  is  precipitated  in  white 
flakes  by  allcaline  carbonates.  It  is  insoluble  in  water,  bat  is  dissolv- 
ed by  acids  and  allcalies.  When  heated  io  the  open  air,  it  takes  fire, 
and  bums  with  a  bright  flame. 

Zymome  is  a  hard  tough  substance,  but  does  not  possess  the  visci- 
dity of  gluten.  It  is  insoluble  in  water  and  alcohol ;  but  it  is  dissolv- 
ed in  vmegar  and  the  mineral  acids  by  the  aid  of  heat,  and  forms  a 
ioap  with  pure  potassa.  Under  favourable  circumstances  it  putrefies, 
without  previously  fermenting  like  gluten ;  and  when  heated  it  emits 
an  odour  like  that  of  burning  hair.  It  produces  various  kinds  of  fer- 
mentation according  to  the  nature  of  the  substance  with  which  it 
comes  in  contact 

M.  Taddey  has  discovered  a  very  delicate  test  of  the  presence  of 
Eymome.  On  mixing  the  powder  of  guaiacum  with  zymome,  a  beauti- 
fol  blue  colour  instantly  appears,  and  the  same  phenomenon  ensues, 
though  less  rapidly,  when  it  is  kneaded  with  gluten,  or  the  flour  of 
good  wheat  moistened  with  water.  With  bad  flour,  the  gluten  of 
which  has  suffered  spontaneous  decemposition,  the  blue  tint  is  scarcely 
visible.  The  intensity  of  the  colour,  indeed,  is  entirely  dependent  on 
the  relative  quantity  of  zymome  contained  in  the  flour ;  and  since  the 
quantity  of  zymome  is  proportional  to  the  quantity  of  gluten,  the 
proportion  of  the  latter,  and  therefore  the  quality  of  the  flour,  may  be 
estimated  approximately  by  the  action  of  guaiacum. 

The  nature  of  the  change  which  gives  rise  to  the  blue  colour  has 
not  been  explained ;  but  oxygen  gas  is  obviously  essential  to  it,  since 
the  phenomenon  does  not  take  place  at  all  when  atmospheric  air  is 
excluded. 

Fe<uf.— This  anbstance  is  always  generated  during  the  vinous  fer- 
mentation of  vegetable  juices  and  decoctions,  riaing  to  the  suifiice  in 
theformofa  frothy,  flocculent,  somewhat  viscid  matter,  tne  nature 
and  composition  of  which  are  unknown.  It  is  insoluble  in  water  and 
alcohol,  and  in  a  warm  moist  atmosphere  gradually  putrefies,  a  suffi- 
cient proof  that  nitrogen  is  one  of  its  elements.  Submitted  to  a  mod« 
erate  heat,  it  becomes  dry  and  hard,  and  may  in  this  state  be  pre- 
served without  change.  Heated  to  redness  in  close  vessels,  it  yields 
products  similar  to  those  procured  under  the  same  circumstances  from 
gluten.  To  this  substance,  indeed,  yeast  is  supposed  by  some  chemists 
(0  be  very  closely  allied. 

The  most  remarkable  property  of  yeast  is  that  of  exciting  ferment- 
ation. By  exposure  for  a  few  minutes  to  the  heat  of  boiling  water, 
ft  loses  this  property,  but  after  some  time  again  acquires  it.  Nothing 
conclusive  is  known  concerning  either  the  nature  of  these  changes, 
or  the  mode  in  which  yeast  operated;  m  establiabing  the  fermentative 
process. 

Vegetable  Albumen. — Some  vegetables  contain  a  substance  coag- 
nlable  by  heat,  and  which  |s  Very  analogous  to  animal  albumen  or 
curd.  It  was  found  in  the  bitter  almond  by  Vogel,  in  the  sweet  al- 
mond by  M.  BouUay,  and  probably  exists  in  most  of  the  emubiva 
seeds.  (Ann.  of  Ph.  vol.  xii.  p.  89.) 
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Jlsparagin^  Bassorin^  Caffeine  Cathartin^  Fungin^ 
Suberin,  Ulminy  Lupulin^  Inulin^  Medullin^  Pol- 
tenin,  PiperiUy  OlivUej  SarcocoU,  Rhubarbarinf 
Colocyntin^  Bitter  Principle^  Extractive  Matter. 

Asparagin. — This  principle  was  discovered  by  MM.  Vauquelin  and 
Robiquet  in  the  juice  of  the  asparagus,  from  which  it  is  deposited,  in 
crystals  by  evaporation.  The  form  of  its  crystals  is  a  rectangular  octa- 
hedron, six-sided  prism,  or  right  rhombic  prism.  Its  taste  is  cool  and 
slightly  nauseous ;  it  is  soluble  in  water,  and  has  neither  an  acid  nor 
alkaline  reaction.  (Ann.  de  Ch.  Ivii.  88.) 

Bassorin  was  first  noticed  in  gum  hassora  by  Vauquelin.  Accord- 
ing to  Gehlen  and  Bucholz,  it  is  contained,  together  with  common 
gum,  in  the  gum  tragacanth  ;  and  John  found  it  in  the  gum  of  the 
cherry  tree.  Salep,  from  the  experiments  of  Caventou,  appears  to 
consist  almost  totally  of  bassorin. 

Bassorip  is  characterized  by  forming  with  cold  water  a  bulky  jelly, 
which  is  insoluble  in  that  menstruum,  as  welt  as  in  alcohol  and  ether. 
Boiling  water  does  not  dissolve  it,  except  by  long  continued  ebullition, 
when  the  bassorin  at  length  disappears,  and  is  converted  into  a  sub- 
stance similar  to  gum  arable. 

Caffein  was  discovered  in  coffee  by  M.  Robiquet  in  the  year  1821, 
and  was  soon  after  obtained  from  the  same  source  by  Pelletier  and 
Caventou,  without  a  knowledge  of  the  discovery  of  Robiquet.  It  is 
a  white  crystalline  volatile  matter,  which  is  soluble  in  boiling  water 
and  alcohol,  and  is  deposited  on  cooling  in  the  form  of  silky  filaments 
like  amianthus.  M.  Pelletier,  contrary  to  the  opinion  of  M.  Robiquet, 
at  first  regarded  it  as  an  alkaline  base ;  but  he  now  admits  that  it  does 
not  affect  the  vegetable  blue  colours,  nor  combine  with  acids.  (Jour- 
nal de  Pharmacie  for  May  1826.) 

Hitherto  the  properties  of  caffein  have  not  been  fully  described. 
From  the  analysis  of  Pelletier  and  Dumas,  100  parts  of  it  consist  of  car- 
bon 46.51,  nitrogen  21.54,  hydrogen  4.81,  and  oxygen  27.14.  Though 
it  contains  more  nitrogen  than  most  animal  substances,  it  does  not, 
under  any  circumstances,  undergo  the  putrefactive  fermentation. 

Caihartin. — This  name  ha^  been  applied  by  MM.  Lassalgne  and 
Feneulle  to  the  active  principle  of  senna.  (An.  de  Ch.  et  de  Ph.  vol. 
xvi.) 

Fungin, — This  name  is  applied  by  M.  Braconnot  to  the  i3eshy 
tubstance  of  the  mushroom.  It  is  procured  in  a  pure  state  by  diges- 
tion in  hot  water,  to  which  a  little  alkali  is  added.  Fungin  is  nutri- 
tious in  a  high  degree,  and  in  composition  is  very  analogous  to  animal 
substances.  Like  flesh,  it  yields  nitrogen  gas  when  digested  in  dilute 
nitric  acid. 

Suberin, — ^This  name  has  been  applied  by  M.  Chevreul  to  the  cel- 
lular tissue  of  the  common  cork,  the  outer  bark  of  the  cork-oak,  (quer» 
eu8  silver,)  after  the  astringent,  oily,  resinous,  and  other  soluble 
matters  have,  been  removed  by  the  action  of  water  and  alcohol.  Su- 
berin differs  from  all  other  vegetable  principles  by  yielding  the  suberic 
when  treated  by  nitric  acid. 

Plmin,  discovered  by  Elaproth,  is  a  substance  which  exudes  spon- 
UneouslT  froQ  the  elm,  oak,  chesnut,  and  other  trees ;  and  according 
to  Berzelius  is  a  eonstUueot  of  most  kinds  of  bark.  It  may  be  pr«- 
pared  by  acting  upon  elm-berk  bj  hot  alcehoJj  and  cold  water,  and 
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then  diiECtting  the  rendue  in  water  which  contains  an  alktUne  carbon- 
ate in  aolotioa.  On  neutializing  the  alkali  with  an  acid,,  the  idmln  is 
precipitated. 

Ulmin  ia  a  dark  brown,  nearly  black  substance,  is  insipid  and  ino- 
derow,  and  is  ^ery  sparingly  soluble  in  water  and  alcohol.  It  dissolves 
freely,  on  the  contrary,  in  the  solution  of  an  alkaline  carbonate,  and  is 
thrown  down  by  an  acid. 

LufviUn  is  the  name  applied  by  Dr  Ives  to  the  active  principle  of 
the  hop,  but  which  has  not  yet  been  obtained  in  a  state  of  purity. 

bwiin  is  a  white  powder  like  starch,  which  is  spontaneously  de- 
posited from  a  decoction  of  the  roota  of  the  hiula  kelenium  or  eh- 
campane.  This  substance  is  insoluble  in  cold,  and  soluble  in  hot 
water,  and  is  deposited  from  the  latter  as  it  cools,  a  character  which 
distinguishes  it  from  starch.  With  iodine  it  forms  a  gteenish-yellow 
compound  of  a  perishable  nature.  Its  solution  is  somewhat  mucila- 
ginous ;  but  inulin  is  distinguished  from  gum  by  insolubility  in  cold 
water,  and  in  not  yielding  the  saccholactic  when  digested  in  nitric 
acid. 

^eitilltfi.— ^This  name  was  applied  by  John  to  the  pith  of  the  sun- 
flower, but  iu  existence  as  an  independent  principle  is  somewhat 
/  dubious.  The  term  poUenin  has  been  given  by  the  same  chemist  to 
the  pollen  of  tulips. 

Piperin  is  the  name  which  is  applied  to  a  white  crystalline  substance 
extracted  from  black  pepper.  It  is  tasteless,  and  is  quite  free  from 
pungency,  the  stimulating  property  of  the  pepper  being  found  to  reside 
in  a  fixed  oil.  (Pelletier,  in  An.  de  Ch.  et  de  Ph.  vol.  xvi.) 

OlioUe. — When  the  gum  of  the  olive  tree  is  dissolved  in  alcohol,  and 
the  solution  is  allowed  to  evaporate  spoutaueously,  a  peculiar  sub- 
stance, apparently  different  from  the  other  proximate  principles  hither- 
to examined,  is  deposited  either  in  flattened  needles  or  as  a  brilliant 
amylaceous  powder.  To  this  M.  Pelletier,  its  discoverer,  has  given 
the  name  of  olivile,  (An.  of  Phil.  vol.  xii.) 

SareoeoU  is  the  concrete  juice  of  the  Peruea  sarcocolla,  a  plant 
which  grows  in  the  nofthern  parts  of  Africa.  It  is  imported  in  the 
form  of  small  grains  of  a  yellowish  or  reddish  colour  like  gum  arable, 
to  which  its  prop'erties  are  similar.  It  has  a  sweetish  taste,  dissolves 
in  the  mouth  like  gum,  and  forms  a  mucilage  with  water.  It  is  dis- 
tinguished from  gum,  however,  by  its-solubility  in  alcohol,  and  by  its 
aqueous  solution  being  precipitated  by  tannin.  Dr  Thomson,  who  has 
given  a  full  account  of  sarcocoll  in  his  System  of  Chemistry,  con- 
siders it  closely  allied  to  the  saccharine  matter  of  liquorice. 

Hhubarbarin  is  the  name  employed  by  Pfaff  to  designate  the  prin- 
ciple in  which  the  purgative  property  of  the  rhubarb  resides.  M. 
Nani  of  Milan  regards  the  active  principle  of  this  plant  as  a  vegetable 
alkali ;  but  he  has  not  given  any  proof  of  its  alkaline  nature.  (Journal 
of  Science,  vol.  xvi.  page  172.) 

Colocyniin,—Th\B  name  is  applied  by  Yauqueltn  to  a  bitter  re- 
sinous matter  extracted  from  colocynth,  and  to  which  he  asctibes  the 
properties  of  this  substance.  (Journal  of  Science,  vol.  xviii.  page 
400.) 

Bitter  Principle.'— This  name  was  formerly  applied  to  a  substance 
supposed  to  be  common  to  bitter  plants,  and  to  be  the  cause  of  their 
peculiar  taste.  The  recent  discoveries  in  vegetable  chemistry,  how- 
ever, have  shovm  that  it  can  no  longer  be  regarded  as  a  Uli^iiorm  un- 
varying principle.  The  bitterness  of  the  nux  ?C5kcfl,  for  example, 
"Is  owfig^^fiMj.fy?**'^**'  that  of  opiiiiTi  to  morphia,  that  of  cinchona 
bark  to  cinchoi|iiL  a&d  qutnia,  &c.    The  cause  of  the  bitter  taste  in  the 
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root  of  the  squill  is  different  from  that  of  the  hop  or  of  gentian.  The 
tenn  hitter  punciple,  when  applied  to  any  one  principle  eommon  to 
hitter  plants,  conveys  an  erroneous  idea,  and  should,  therefore,  be 
abandoned. 

Extractive  Jlfa/(er.— This  expression,  if  applied  to  one  determinate 
principle  supposed  to  be  the  same  in  different  plants,  is  not  less  vague 
than  the  foregoing.  It  is  indeed  true  that  most  plants  yield  to  water 
a  substance  which  differs  from  gum,  sugar,  or  any  proximate  principle 
of  vegetables,  which,  therefore,  constitutes  a  part  of  what  is  called  an 
extract  in  pharmacy,  and  which,  for  want  of  a  more  precise  term,  may 
be  expressed  by  the  name  of  extractive.  It  must  be  remembered, 
however,  that  this  matter  is  always  mixed  with  other  proximate  prin- 
ciples, and  that  there  is  no  proof  whatever  of  its  being  identical  in 
diflfereni  plants.  The  solution  of  saffron  in  hot  water,  said  to  afford 
pure  extraetiv^n^atter  by  evaporation,  contains  the  colouring  matter 
of  the  plant,  t^elher  with  all  the  other  vegetable  principles  ofsaffron, 
which  happen  to  be  soluble  in  the  menstruum  employed. 


SECTION  VI. 

OJV  THE  SPOJrrAJSTEOUS  CHAJ^TGES  OF  VEGETA- 
BLE MATTER, 

Vegetable  substances,  for  reasons  already  explained  in  the  remarks 
introductory  to  the  study  of  organic  chemistry,  are  very  liable  to 
spontaneous  decomposition.  .  So  long,  indeed,  as  they  remain  in 
connection  with  the  living  plant  by  which  they  were  produced,  the 
tendency  of  their  elements  to  form  new  combinations  is  controlled ; 
but  as  soon  as  the  vital  principle  is  extinct,  of  whose  agency  no  satis- 
factory explanation  can  at  present  be  afforded,  they  become  subject 
to  the  unrestrained  influence  of  chemical  alSinity.  To  the  spontane- 
ous changes  which  they  then  experience  from  the  operation  of  this 
power,  the  ieim  fermentation  is  applied. 

As  might  be  expected  from  the  difference  in  the  constitution  of 
different  vegetable  compounds,  they  are  not  all  equally  prone  to  fer- 
mentation ;  nor  is  the  nature  of  the  change  the  same  in  all.  Thus 
alcohol,  oxalic,  acetic,  and  benzoic  acids,  probably  the  vegetable 
alkalies,  and  pure  naphtha,  may  be  kept  for  years  without  change,  and 
some  of  them  appear  unalterable ;  while  others,  such  as  gluten,  sugar, 
starch,  and  mucilaginous  substances,  are  very  liable  to  decomposition. 
In  like  manner,  the  spontaneous  change  sometimes  terminates  in  the 
formation  of  sugar,  at  another  time  in  that  of  alcohol,  at  a  third  in  that 
of  acetic  acid,  and  at  a  fourth  in  the  total  dissolution  of  the  substance. 
This  has  led  to  the  division  of  the  fermentative  processes  into  four 
distinct  kinds,  namely,  the  naccharinet  the  vinotUt  the  oeefotM,  and 
the  putrrfactvoe  fermentation. 

Saccharine  Fermentation. 

The  only  substance  known  to  be  eulject  to  the  first  kind  ol-^fif' 
mentation  is  starch.  When  gelatinous  starch,  or  amidine,  is  kept  m  a 
moist  state  for  a  considerable  length  of  time,  a  change  gradually  en- 
sues, and  a  quantity  of  sugar,  equal  to  about  half  the  weight  of  the 
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sttrch  employed,  is  generated.  Exposure  to  the  atmosphere  is  not 
necessary  fo  this  change,  but  the  quantity  of  sugar  is  increased  by  the 
access  of  air. 

The  germination  of  seeds,  as  exemplified  in  the  malting  of  barley,  is 
likewise  an  instance  of  the  saccharine  fermentation ;  but  as  it  differs  in 
some  respects  from  the  process  above  mentioned,  being  probably  mo- 
dified by  the  vitality  of  the  germ,  it  may  with  greater  propriety  be 
discussed  in  the  following  section. 

The  ripening  of  fruit  has  also  been  regarded  as  an  example  of  the 
saccharine  fermentation,  especially  since  some  fruits,  such  as  the  pear 
and  apple,  if  gathered  before  their  maturity,  become  sweeter  by  keep- 
ing. I  cannot,  however,  adopt  this  opinion.  The  process  of  ripening 
appears  to  consist  in  the  conversion,  not  of  starch,  but  of  acid  into 
sugar.  Such  at  least  is  the  view  dedueible  from  the  experiments  of 
Proust,  who  examined  the  unripe  grape  in  its  differeiA^stages  towards 
maturity.  He  found  that  the  green  fruit  contains  a^rge  quantity  of 
free  acid,  chiefly  the  citric,  which  gradually  disappears  as  the  grape 
ripens,  while  its  place  is  occupied  by  sugar.  .  It  is  hence  probable  that 
the  elements  of  the  acid  itself,  as  the  result  of  a  vital  process,  are 
made  to  enter  into  a  new  arrangement,  by  which  sugar  is  generated. 
The  formation  of  an  acid  may  be  regarded  as  one  step  towards  the 
production  of  saccharine  matter,  a  view  which  will  account  for  the 
strong  acidity  of  many  fruits,  such  as  the  gooseberry  and  currant,  just 
before  they  begin  to  ripen. 

Vinous  Fermentation. 

The  conditions  which  are  required  for  establishing  the  vinous  /er- 
mentation  are  four  in  number ;  namely,  the  presence  of  sugar,  water, 
yeast,  or  some  ferment,  and  a  certain  temperature.  ^  The  best  mode 
of  studying  this  process,  so  as  to  observe  the  phenomena,  and  deter- 
mine the  nature  of  the  change,  is  to  place  five  parts  of  sugar,  with 
about  twenty  of  water,  in  a  glass  flask  furnished  with  a  bent  tube,  the 
extremity  of  which  opens  under  an  inverted  jar' full  of  water  or  mer- 
cury ;  and  after  adding  a  little  yeast,  to  expose  the  mixture  to  a  tem- 
perature of  about  60°  or  TO''  Fahr.  In  a  short  time  bubbles  of  gas  be- 
gin to  collect  in  the  vicinity  of  the  yeast,  and  the  liquid  is  soon  put 
into  brisk  motion,  in  consequence  of  the  formation  and  disengagement 
of  a  large  quantity  of  gaseous  matter;  the  solution  becomes  turbid,  its 
temperature  rises,  and  frath  collects  upon  its  surface.  AHer  continu- 
ing for  a  few  days,  the  evolution  of  gas  begins  to  abate,  and  at  length 
ceases  altogether;  the  impurities  gradbatly  subside,  and  leave  me 
liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to  have  occurred 
during  the  process,  are  the  disappearance  of  the  sugar,  and  the  form- 
ation of  alcohol,  which  remains  in  the  flask,  and  of  caEbojnic  acid  gas, 
which  ts  collected  in  the  pneumatic  apparatus.  A  sm^ll  portion  of 
yeast  is  indeed  decomposed ;  but  the  quantity  Is  so  minute  that  it  may 
without  inconvenience  be  left  out  of  consideration.  Thb  yeast  in- 
deed appears  to  operate  only  in  exciting  the  fermentaHon,  without 
further  contributing  to  the  products.  The  atmospheric  air,  it  is  ob- 
vious, has  no  share  in  the  phenomena,  since  it  may  be 'altogether  ex- 
cluded without  affecting  the  result.  The  theory  of  the  process  is 
^nded  on  the  fact  that  the  sugar,  which  disappears,  is  almost  pre- 
cisely equal  to  the  united  weights  of.  the  alcohol  and  carbonic  acid; 
and  hPDce  the  former  is  supposed  to  be  resolved  into  the  two  latter. 
'  in  which  this  change  is  conceived  to  take  place  has  been 
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ably  explained  by  Gay-Lussac,  an  etplanation  wbicb  will  easily  be  un- 
derstood by  comparing  the  composition  of  ^sugar  with  that  of  alcohol. 
The  elements  of  sugar,  which  consists  of  carbon,  hydrogen,  and  ojy- 

fen,  in  the  ratio  of  one  equivalent  of,  each,  (page  467)  are  multiplied 
y  three,  in  order  to  equalize  the  quantity  of  hydrogen  contained  in 
the  two  compounds.  (An.  de  Ch.  tome  xcv.  p.  317.) 

By  weight,  * 

Sugar.  ^  Alcohol. 

Carbon,  .      18  or  three  equivalents.      12  or  two  equivalents. 

Hydrogen,      .       3  or  three  equivalents.        3  or  three  equivalents. 
Oxygen,         .     24  or  three  equivalents.        8  or  one  equivalent. 

45  •  23  ^ 

By  volume. 


Alcohol. 

•Vap.  of  Carbon,     3  2 

Hydrogen,     .8  8 

Oxygen,         .      IJ  J 

Now,  on  inspecting  this  table,  and  remembering  that  carbonic  acid 
consists  of  one  equivalent  of  carbon,  or  one  volume  of  its  vapour,  and 
two  equivalents  or  one  volume  of  oxygen,  it  will  be  apparent  that  the 
elements  of  sugar  are  in  such  proportion  as  to  form  one  equivalent  of 
alcohol,  or  one  volume  of  Its  vapour,  and  one  equivalent  or  one  volume 
of  carbonic  acid.  Therefore  forty-five  parts  of  sugar  are  capable  of« 
furnishing  twenty-three  parts  of  alcohol,  and  twenty-two  parts  of  car- 
bonic acid. 

It  admits  of  doubt  whether  any  substance  besides  sugar  is  capable 
of  undergoing  the  vinous  fermentation.  The  only  other  principle 
which  Is  supposed  to  possess  this  property  is  starch,  and  this  opinion 
chiefly  rests  oh  thi%  two  fnUowins  facts.  First,  it  is  well  known  that 
potatoes,  which  contain  but  little  sugar,  yield  a  large  quantity  of 
alcohol  by  fermentation,  during  which  the  starch  disappears.  And, 
secondly,  M.  Clem«s^  procured  the  same  quantity  of  alcohol  from 
equal  weights  of  malted  and  unmalted  barley.*  r^j^pthing  conclusive 
can  be  inferred,  however,  from  these  data;  for,  from  the  facility  with 
which  starch  is  converted  into  sugar,  it  is  probable  that  the  saccharine 
may  precede  the  vinous  fermentation. 

Though  a  solution  of  pure  sugar  is  not  susceptible  of  the  vmoiis 
fermentation  without  being  mixed  with  yeast,  or  some  such  ferment, 
yet  the  saccharine  juices  of  plants  do  not  require  the  addition  of  that 
substance,  or,  in  other  words,  they  contain  some  principle  which,  like 
yeast,  excites  the  fermentative  process.  Thus,  must  or  the  juice  of 
the  grape  ferments  spontaneously ;  but  Gay-Lussae  has  observed  that 
these  juices  cannot  begin  to  ferment  unless  they  are  exposed  to  the 
air.  By  heating  Inust  to  212°  F,  and  then  corking  it  carefully,  the 
juice  may  be  preserved  without  change ;  but  if  it  be  exposed  to  the 
air  for  a  few  seconds  only,  it  absorbs  oxygen,  and  fermentation  takes 
place.  From  this  it  would  appear  that  the  must  cohtains  a  principle 
which  is  convertible  into  yeast,  or  at  least  acquires  the  characteristic 
property  of  that  substance  by  absorbing  oxygen. 

It  appears  from  the  experiments  of  M.  Colin,  that  various  substances 
are  capable  of  acting  as  a  ferment.  This  property  is  possessed  by 
glutejQ,  as  well  as  both  its  principles,  gliadine  and  zymome,  caseous 
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mfttter»  albumen,  fibrin,  gelatin,  blood,  and  urine.  In  generA  they 
ftct  most  efficaciously  after  the  commeocement  of  putrefaction ;  and 
indeed  exposure  to  oxygen  gas  seems  equally  necessary  for  enabling 
tfiete  substances  to  act  as  ferments,  as  to  the  principle  contained  in 
the  juice  4>f  fruit. 

Tlie  various  kinds  of  stimulating  fluids,  prepared  by  means  of  the 
▼inous  fermentation,  are  divisible  into  wines  which  are  formed  from 
the  juices  of  saccharine  fruits,  and  the  various  kinds  of  ale  and  beer 
produced  from  a  decoction  of  the  nutritive  grains  previously  malted. 

The  juice  of  the  grape  is  superior,  for  the  purpose  of  making  wine, 
to  that  of  all  other  fruits,  not  merely  in  containing  a  larger  proportion 
of  saccharine  matter,  since  this  deficiency  may  be  supplied  artificially, 
but  in  the  nature  of  its  acid.  The  chij^  or  only  acidulous  principle  of 
the  mature  grape,  ripened  in  a  warm  cumate,  such  as  Spain,  Portugal, 
or  Madeira,  is  ttie  bitartrate  of  potassa.  As  this  salt  is  insoluble  in 
alcohol,  the  greater  part  of  it  is  deposited  during  the  vinous  fermenta^ 
tion;  and  an  additional  quantity  subsides,  constituting  the  crtist,  during 
the  progress  of  wine  towards  its  point  of  highest  perfection.  The 
juices  of  other  fruits,  on  the  contrary,  such  as  the  gooseberry  or  cur- 
rant, contain  the  malic  and  citric  adds,  which  are  soluble  both  in  water 
and  alcohol,  and  of  which  therefore  they  can  never  be  deprived. 
Consequently  these  wines  are  only  rendered  palatable  by  the  presence 
of  free  sugar,  which  conceals  the  taste  of  the  acid ;  and  hence  it  is 
neoessaiy  to  arrest  the  progress  of  the  fermentation  long  before  the 
^whole  of  the  saccharine  matter  is  consumed.  For  the  same  reason, 
these  wines  do  not  admit  of  being  long  kept;  for  as  soon  as  the  free 
sugar  is  converted  into  alcohol  by  the  slow  fermentative  process,  which 
may  be  retarded  by  the  addition  of  brandy,  but  cannot  be  prevented, 
the  wine  acquires  a  strong  sour  taste. 

Ale  and  beer  differ  from  wines  in  containing  a  large  quantity  of 
mucilaginous  and  extractive  matters  derived  from  the  malt  with  which 
they  are  made,  jbrom  tne  presence  of  these  substances  they  always 
contain  a  free  acid,  and  are  greatly  disposed  to  pass  into  the  acetous 
fermentation.  The  sour  taste  is  concealed  par^y  by  free  sugar,  and 
partly  by  the  bitter  flavour  of  the  hop,  the  presenceof  which  dimin- 
ishes the  tendency  to  the  formation  of  an  acid. 

Tlie  fermentative  process  which  takes  place  in  dough  mixed  with  ' 
yeast,  and  on  which  depends  the  formation  of  good  bread,  has  been 
supposed  to  be  of  a  peculiar  kind,  and  is  sometimes  designated  by  the 
name  oi panary  fermentation.  The  late  ingenious  researches  of  Dr 
Colquhoun,  however,  leave  tittle  or  no  doubt  that  the  phenomena  are 
to  be  ascribed  to  the  saccharine  matter  of  the  .flour  undergoing  the 
vinous  fermentation,  by  which  it  is  resolved  into  alcohol  and  carbonic 
acid.  (Edinburgh  Journal  of  Science,  vol.  vi.)  Indeed  Mr  Graham 
has  actually  procured  alcohol  by  distillation  from  fermented  dough. 

Acetous  FermentationT 

When  any  Uqufd  which  has  undergone  the  vinous  fermentation,  or 
even  pure  alcohol  diluted  with  water,  is  mixed  with  yeast,  and  ex- 
posed in  a  warm  place  to  the  open  air,  an  intestine  movement  speedily 
commences,  heat  is  developed,  the  fluid  becomes  turbid  from  the 
deposition  of  a  pecnliar  filamentous  matter,  oxygen  is  absorbed  from 
the  atmosphere,  and  carbonic  acid  is  disengaged.  These-  changes, 
after  continuing  a  certain  time,  cease  spontaneously;  the  liquor  be- 
comes clear,  and  instead  of  alcohol,  it  is  now  found  to  contain  acetic 
acid.    Thte  process  is  called  the  acetous  fermcntoHon. 
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The  vinous  may  easily  be  mad^  to  terminate  in  the  acetous  fer- 
mentation ;  nay,  the  transition  takes  place  so  easily,  that  in  many 
instances,  in  which  it  is  important  to  prevent  it,  this  is  with  difficulty 
effected.  It  is  the  uniform  result,  if  the  fermenting  liquid  be  ex- 
posed to  a  warm  temperature  and  to  the  open  air ;  and  the  means  by 
which  it  is  avoided  is  by  excluding  the  atmosphere,  or  by  exposure 
to  cold. 

For  the  acetous  fermentation  a  certain  degree^f  warmth  is  indis- 
pensable. It  takes  place  tardily  belaw  60^  F. ;  at  50°  it  is  very  slug- 
gish ;  and  at  32%  or  not  quite  so  low,  it  is  wholly  arrested.  It  pro- 
ceeds with  vigour,  on  the  contrary,  when  the  thermometer  ranges 
l>etween  60^  and  80°,  and  is  even  promoted  by  a  temperature  some- 
what higher.  The  presence  of  water  is  likewise  essential ;  and  a  por- 
tion of  yeast,  or  some  analogous  substance,  by  which  the  process  may 
he  established,  must  also  be  present. 

The  information  contained  in  chemical  works  relative  to  the  sub- 
atances  susceptible  qf  the  acetous  fermentation  is  somewhat  confused, 
a  circumstance  which  appears  to  have  arisen  from  phenomena  of  a 
totally  different  nature  being  included  under  the  same  name.  It  seems 
necessary  to  distinguish  between  the  mere  formation  of  acetic  acid, 
and  the  acetous  fermentation.  Several  or  perhaps  most  vegetable 
substances  yield  acetic  acid  when  they  undergo  spontaneous  decom- 
position. Mucilaginous  substances  in  particular,  though  excluded 
from  the  air,  gradually  become  sour;  and  consistently  with  this  fact, 
inferior  kinds  of  ale  and  beer  are  known  to  acquire  acidity  in  a  short 
time,  even  when  confined  in  well-corked  bottles.  In  like  manner,  a 
solution  of  sugar,  mixed  with  water  in  which  the  gluten  of  wheat  has 
fermented,  and  kept  in  close  vessels,  was  found  by  Fourcroy  and 
Vauquelin  to  yield  acetic  acid.  All  these  processes,  however,  appear 
essentially  different  from  the  proper  acetous  fermentation  above 
described,  being  unattended  with  visible  movement  in  the  liquid, 
with  absorption  of  oxygen,  or  disengagement  of  carbonic  acid. 

The  acetous  fermentation,  in  this  limited  sense,  consists  in  the 
conversion  of  alcohol  into  acetic  acid.  That  this  change  does  really 
take  place  is  inferred,  not  only  from  the  disappearance  of  alcohol  and 
the  simultaneous  production  of  acetic  acid,  but  also  from  the  quantity 
of  the  latter  being  precisely  proportional  to  that  of  the  former.  The 
nature  of  the  chemical  action,  however,  is  at  present  exceedingly  ob- 
scure. Indeed  the  only  probable  e](planation  which  has  been  offered 
is  the  following.  Since  alcohol  contains  a  greater  proportional  quan- 
tity of  carbon  and  hvdrogen  than  acetic  acid,  it  has  been  supposed 
that  the  oxygen  of  tne  atmosphere,  the  presence  of  which  is  indis- 
pensable, abstracts  so  much  of  those  elements,  by  giving  rise  to  the 
formation  of  carbonic  acid  and  water,  as  to  leave  the  remaining  carbon, 
hydrogen,  and  oxygen  of  the  alcohol  in  the  precise  ratio  for  forming 
acetic  acid.  The  experiments  of  Saussui^,  however,  are  incompatible 
with  this  view.  According  to  his  researches,  the  quantity  of  carbonic 
acid  generated  during  the  acetous  fermentation  is  precisely  equal  in 
volume  to  the  oxygen  which  is  absorbed ;  and  hence  it  is  inferred, 
that  this  gas  unites  exclusively  with  the  carbon  of  the  alcohol.  This 
result  is  different  from  what  might  have  been  anticipated,  and  requires 
.  confirmation. 

The  acetous  fermentation  li  conducted  on  a  large  scale  for  yielding 
the  common  vinegar  of  commerce.  In  France  it  is  prepared  by  ex- 
posing weak  wines  to  the  air  during  warm  weather ;  and  in  this  coun- 
try it  IS  made  from  a  solution  of  brown  sugar  or  molasses,  or  an  infusion 
of  malt.    The  vinegar  thus  obtained  always  contains  a  large  quantity 
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of  mucflagiDous  and  other  vegetable  matteta,  the  presence  of  which 
lenders  it  liable  to  several  ulterior  changes. 

Putrefactive  Fermentation. 

By  this  term  is  implied  a  process  which  is  not  attended  with  the 
f>heoomena  of  the  saccharine,  vinous,  or  acetous  fermeatation,  but 
during  which  the  vegetable  matter  is  completely  decomposed.  Ali 
proximate  principles  are  not  equally  liable  to  this  kind  of  dissolution. 
Those  in  which  charcoal  and  hydrogen  prevail,  such  as  the  oils,  resins, 
and  alcohol,  do  not  undergo  the  putrefactive  fermentation ;  nor  do 
acids,  which  contain  a  considerable  excess  of  oxygen,  manifest  a  ten- 
dency to  suffer  this  change.  Those  substances  are  alone  disposed  to 
putrefy,  the  oxygen  and  hydrogen  of  which  are  in  proportion  to  form 
water;  and  such,  in  particular,  as  contain  nitrogen.  Among  these, 
however,  a  singular  difference  is  observable.  CaSein  evinces  no  ten- 
4lency  to  spontaneous  decomposition;  while  gluten,  which  certainly 
must  contain  a  less  proportional  quantity  of  nitrogen,  putrefies  with 
great  facility.  It  Is  difficult  to  assign  the  precise  cause  of  this  dif- 
ference ;  but  it  most  probably  depends  partly  upon  the  mode  in  which 
the  ultimate  elements  of  bodies  are  arranged,  and  partly  on  their  co- 
hesive power ; — those  substances,  the  texture  of  which  is  the  most 
loose  and  soft,  being,  cateria  paribuSy  the  most  liable  to  spontane- 
ous decomposition. 

The  conditions  which  are  required  for  enabling  the  putrefactive  pro- 
eess  to  take  place,  are  moisture,  air.  and  a  certain  temperature. 

The  presence  of  a  certain  degree  of  moisture  is  absolutely  necessary ; 
And  hence  vegetable  substances,  which  are  disposed  to  putrefy  under 
favourable  circumstances,  may  be  preserved  for  an  indennite  period  if 
carefully  dried,  and  protected  from  humidity.  Water  acts  apparently 
by  softening  the  texture,  and  thus  counteracting  the  agency  of  cohe- 
sion ;  and  a  part  of  the  effect  may  also  be  owing  to  its  affinity  for  some 
of  the  products  of  the  putrefaction.  It  is  not  likely  that  this  liquid  is 
actually  decomposed,  since  water  appears  to  be  a  uniform  product. 

The  air  cannot  be  regarded  as  absolutely  necessary,  since  putrefac- 
tion is  found  to  be  produced  by  the  concurrence  of  the  two  other  con- 
ditions only  ;  but  the  process  is  without  doubt  materially  promoted  by 
free  exposure  to  the  atmosphere.  Its  operation  is  of  course  attribu- 
.  table  to  the  oxygen  combining  with  the  carbon  and  hydrogen  of  the 
decaying  substance. 

The  temperature  most  favourable  to  the  putrefactive  process  is  be- 
tween 60°  and  100°  Fahr.  A  strong  heat  is  unfavourable,  by  expelling 
moisture ;  and  a  cold  of  32°  F.  at  which  water  congeals,  arrests  its 
progress  altogether.  The  mode  in  which  caloric  acts  is  the  same  as 
In  all  similar  cases,  namely,  by  tending  to  separate  elements  from  one 
another  which  are  already  combined. 

The  products  of  the  putrefactive  fermentation  may  be  divided  into 
the  solid,  liquid,  and  gaseous.  The  liquid  are  chiefly  water,  together 
with  a  little  acetic  acid,  and  probably  oil.  The  gaseous  products  are 
light  carburetted  hydrogen,  carbonic  acid,  and,  when  nitrogen  is  pre- 
sent, ammonia.  Pure  hydrogen,  and  probably  nitrogen,  are  sometimes 
disengaged.  Thus  hydrogen  and  carbonic  acid»  according  to  Proust, 
are  evolved  from  putrefying  gluten ;  and  Saussure  obtained  the  same 
gases  from  the  putrefaction  of  wood  in  close  vessels.  Under  ordinary 
circumstances,  however,  the  chief  gaseous  product  of  decaying  plants 
U  light  carburetted  hydrogen,  which  is  generated  in  great  quantity  at 
•ihehottom  of  stagnant  pools  during  summer  and  autumn.  (Page  191.) 
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Another  elastic  priDciple,  fupposed  to  arise  from  putrefyiag  yef^ettble 
remaias,  is  the  noxious  miasm  of  marslies.  Tlie  origin  of  these 
miasms,  however,  is  exceedingly  obscure.  Every  attempt  to  obtain 
them  in  an  insulated  state  has  hitherto  proved  abortive  ;  and,  there- 
fore, if  they  are  really  a  distinct  species  of  matter,  they  must  be  re- 
garded, like  the  effluvia  of  contagious  fevers,  as  of  too  sobtUe  a  nature 
for  being  subjected  to  chemical  analysis. 

When  the  decay  of  leaves  or  other  parts  of  plants  has  proceeded  so 
far  that  all  trace  of  organization  is  effaced,  a  dark  pulverulent  substance 
remains,  consisting  of  charcoal  combined  with  a  little  oxygen  and  hy- 
drogen. This  compound  is  vegetable  mould,  which,  when  mixed  with 
a  proper  quantity  of  earth,  constitutes  the  soil  necessary  to  the  growth 
of  plants.  Saussure,  in  his  excellent  Recherches  Chimiques  sur  la 
Vegetation,  has  described  vegetable  mould  as  a  substance  of  uniform 
composition ;  and  on  heating  it  to  redness  in  close  vessels,  he  procured 
carburetted  hydrogen  and  carbonic  acid  gases,  water  holding  the  ace- 
tate or  carbonate  of  ammonia  in  solution,  a  minute  quantity  of  empy- 
reumatic  oil,  and  a  large  residue  of  charcoal  mixed  with  saline  and 
earthy  ingredients.  Oa  exposing  vegetable  mould  to  the  action  of 
light,  air,  and  moisture,  a  chemical  change  ensues,  the  effect  of  which 
is  to  render  a  portion  of  it  soluble  in  water,  and  thus  applicable  to  the 
nutrition  and  growth  of  plants. 


SECTION  VIL 

OJV  THE  CHEMICAL  PHEJ^OMEJ^A  OF  OERMV^A' 
TIOJSTAJSTD  VEGETATIOJ\r. 

Germihation. 

Germination  is  the  process  by  which  a  new  plant  oiiglkiates  from 
seed.  A  seed  consists  essentially  of  two  parts,  the  germ  of  the  future 
plant,  endowed  with  a  principle  of  vitality,  and  the  cotyledons  or  seed* 
lobes,  both  of  which  are  enveloped  in  a  common  covering  of  cuticle. 
In  the  germ,  two  parts,  the  radicle  and  plumula,  may  be  distinguish- 
ed, the  former  of  which  is  destined  to  descend  into  the  earth  and  con- 
stitute the  root,  the  latter  to  rise  into  the  air  and  form  the  stem  of  the 
plant.  The  office  of  the  seed-lobes  is  to  afford  nourishment  to  the 
>  young  plant,  until  its  organization  is  so  far  advanced,  that  it  may  draw 
materials  for  its  growth  from  extraneous  sources.  For  this  reason, 
seeds  are  composed  of  highly  nutritious  ingredients.  The  chief  con- 
stituent  of  most  of  them  is  starch,  in  addition  to  which  they  frequently 
contaitf  gluten,  gum,  vegetable  albumen  or  curd,  and  sugar. 

The  conditions  necessary  to  germination  are  three-told ;  namely, 
moisture,  a  certain  temperature,  and  the  presence  .of  oxygen  gas.  The 
necessity  of  moisture  to  this  process  has  been  proved  by  extensive  ob- 
servation. It  is  well  known  that  the  concurrence  of  other  conditiena 
cannot  enable  the  seeds  to  germinate  provided  they  are  kept  quite  dry. 

A  certain  degree  of  warmth  is  not  less  essential  than  moisture.  Ger- 
mination cannot  take  place  at  32^  F ;  and  a  strong  heat,  such  as  that 
of  boiling  water,  prevents  it  altogether  by  depriving  the  germ  of  the 
Tital  principle.  The  most  favourable  temperature  ranges  from  60°  to. 
80%  the  precise  degree  varying  with  the  nature  of  the  plant,  a  circom* 
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•tencd  that  aceoonts  for  the  difference  in  the  seuon  of  the  year  at 
which  different  seeds  begin  to  germinate. 

'  That  the  presence  of  air  is  necessary  to  germination  was  demon- 
strated by  several  philosophers,  such  as  Ray,  Boyle,  Maschenbroeek, 
and  Boerhaave,  before  the  chemical  nature  of  the  atmosphere  was 
discovered;  and  Scheele,  soon  after  the  discovery  of  oxygen,  proved 
that  beans  do  not  germinate  without  exposure  to  that  gas.  Achard  af- 
terwuds  demonstrated  the  same  fact  with  respect  to  seeds  in  general, 
and  his  experiments  have  been  fully  confirmed  by  subsequent  observ- 
ers. It  has  even  been  shown  by  Humboldt,  that  a  dilute  solution  of 
chlorine,  owing  to  the  tendency  of  that  gas  to  decompose  water  and 
•et  oxygen  at  liberty,  promotes  the  germination  of  seeds.  These  cir- 
cumatances  account  for  the  fact  tliat  seeds,  when  bCtiied  deep  in  the 
earu,  are  unable  to  germinate. 

It  is  remarkable  (bat  the  influence  of  light,  which  is  so  favourable 
to  all  Uie  subsequent  stages  of  vegetation,  is  injurious  to  the  process 
ef  germination.    Ingenhousz  and  Sennebier  have  proved  that  a  seed 

Serminates  more  rapidly  in  the  shade  than  in  light,  and  in  diffused 
aylight  quicker  than  when  exposed  to  the  direct  solar  rays. 
From  the  preceding  remarks  it  is  apparent  that  when  a  seed  is  plac- 
ed an  inch  or  two  under  the  surface  of  (he  ground  in  spring,  and  ia 
loosely  covered  with  earth,  it  is  in  a  state  every  way  conducive  to 
germination.  The  ground  is  warmed  by  absorbing  the  solar  rays,  and 
IB  moistened  by  occasional  showers ;  the  earth  at  the  same  time  pro- 
tects the  seed  from  light,  but  by  its  porosity  gives  free  access  to  the 
air. 

The  operation  of  malting  barley,  in  which  the  grain  is  made  to  ger- 
minate by  exposure  to  warmth,  air,  and  humidity,  affords  the  best 
means  of  studying  the  phenomena  of  germination.  In  this  process, 
water  Is  absorbed,  the  cotyledon  swells  and  ruptures  its  cuticle,  and 
soon  after  the  radicle  and'  plumula  are  protruded.    On  examining  the 

rin  at  this  period,  it  is  found  to  have  undergone  an  essential  change 
the  proportion  of  its  ingredients,  as  appears  from  the  result  of 
Proust's  comparative  analysis  of  mailed  and  unmalted  barley.  (An 
de  Ch.  et  do  Ph.  tome  v.)  ' 
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parts  of  Barley, 

parts  qfMalt, 
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I 

Gum, 
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16 

Sugar, 

6 

15 

Gluten, 
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Starch, 
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66 

Hordein    .   . 

66 

12 

It  is  hence  apparent  that  in  germination,  the  hordein  is  converted 
into  starch,  gum,  and  sugar ;  so  that  from  an  insoluble  material,  which 
could  not  in  that  state  be  applied  to  the  uses  of  the  young  plant,  two 
soluble  and  highly  nutritive  principles  result,  which  by  being  dissolv- 
ed in  water  are  readily  absorbed  by  the  radicle. 

The  chemical  changes  which  take  place  in  germination  have  been 
ably  investigated  by  Saussure,  whose  experiments  are  detailed  in  the 
work  to  which  I  have  already  referred.  The  leading  facts  which  he 
determined  are  the  following ; — that  oxygen  gas  is  consumed,  that  car- 
bonic acid  is  evolved,  and  that  the  volume  of  the  latter  is  precisely  equal 
to  that  of  the  former.  Now  since  carbonic  acid  gas  contains  its  own 
volume  of  oxygen,  it  follows  that  this  gas  must  have  united  exclusive- 
ly with  carbon.    It  is  likewise  obvious  that  the  grain  must  weigh  less 
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after  than  bdbre  germiDation,  provided  it  is  brought  to  the  same  state 
of  dryness  in  both  instances.  Saassure  indeed  found  that  the  loss  is 
greater  than  can  be  accounted  for  by  the  carbon  of  the  carbonic  acid 
which  is  evolved,  *and  hence  he  concluded  that  a  portion  of  water, 
senerated  at  the  expense  of  the  grain  itself,  is  "dissipated  in  drying. 
According  to  Proust,  the  diminution  in  weight  is  about  a  third ;  but 
Dr  Thomson  affirms  that  in  50  processes,  conducted  on  a  large  scale 
under  his  inspection,  the  average  loss  did  not  exceed  one-fifth. 

On  the  Growth  of  Plants. 

l¥hile  a  plant  differs  from>n  animal  in  exhibiting  no  signal  of  per- 
ception or  voluntary  motion,  and  in  possessing  no  stomach  to  serve  as 
a  receptacle  for  its  food,  there  exists  between  them  a  close  analogy 
both  of  parts  and  functions,  which,  though  not  discerned  at  first,  be- 
comes striking  on  a  near  examination.  The  stem  and  branches  act  ai 
"^  frame-worlc  or  skeleton  for  the  support  and  prdtection  of  the  parts 
necessary  to  the  life  of  the  individual.  The  root  serves  the  purpose  of 
a  stomach  by  imbibing  nutritious  juices  from,  the  soil,  Aid  thus  sup- 
plying the  plant  with  materials  for  its  growth.  The  sap  or  circulating 
fluid,  composed  of  water  holding  in  solution,  saline,  extractive,  muci- 
laginous, saccharine,  and  other  soluble  substances,  rises  upwards 
through  the  wood  in  a  distinct  system  of  tubes  called  the  eomtnan 
vessels,  which  correspond  in  their  office  to  the  lacteals  and  pulmonary 
arteries  of  animals,  and  are  distributed  in  minute  ramifications  over 
the  surface  of  the  leaves.  In  its  passage  through  this  organ,  which 
may  be  termed  the  lungs  of  a  plant,  the  sap  is  fully  exposed  to  the 
aeency  of  light  and  air,  experiences  a  change  by  which  it  is  more  com- 
pletely adapted  to  the  wants  of  the  vegetable  economy,  and  then  de- 
scends through  the  inner  layer  of  the  bark  in  another  system  of  tubes 
called  the  proper  oesseZs,  yielding  in  its  course  all  the  juices  and  prin- 
ciples peculiar  to  the  plant. 

The  chemical  changes  which  take  place  during  the  circulation  of 
the  sap  are  in  general  of  such  a  complicated  nature,  and  so  much  un- 
der the  control  of  the  vital  principle,  as  to  elude  the  sagacity  of  the 
chemist.  One  part  of  the  subject,  however,  namely,  the  reciprocal 
agency  of  the  atmosphere  and  growing  vegetables  on  each  other,  falls 
within  the  reach  of  chemical  inquiry,  and  has  accordingly  been  inves- 
tigated by  several  philosophers. 

For  the  leading  facts  relative  to  what  Is  called  the  respiration  of 
plants,  or  the  chemical  changes  which  the  leaves  of  growing  vegeta- 
bles produce  on  the  atmosphere,  we  are  indebted  to  Priestley  and  la- 
genhousz,  the  former  of  whom  discovered  that  plants  absorb  carbonic 
acid  from  the  air,  under  certain  circumstances,  and  emit  oxygen  in  re- 
turn ;  and  the  latter  ascertained  that  this  change  occurs  only  during 
exposure  to  the  direct  rays  of  the  sun.  When  a  healthy  plant,  the 
roots  of  which  are  supplied  with  proper  nourishment,  is  exposed  to  the 
direct  solar  beams  in  a  given  quantity  of  atmospheric  air,  the  carbonic 
acid  after  a  certain  interval  is  removed,  and  an  equal  volume  of  oxygen 
is  substituted  for  it.  If  a  fresh  portion  of  carbonic  acid  is  supplied,  the 
same  result  will  ensue.  In  like  manner,  Sennebler  and  woodhouse 
observed,  that  when  the  leaves  of  a  plant  are  immersed  in  water,  and 
exposed  to  the  rays  of  the  sun,  oxygen  gas  is  disengaged.  That  the 
evolution  of  oxygen  in  this  experiment  is  accompanied  with  a  propor- 
tional absorption  of  carbonic  acid,  is  proved  by  emoloying  water  de« 
prived  of  carbonic  acid  by  boiling,  in  which  case  m  oxygen  is  pro- 
cured. 
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Such  are  the  changes  induced  by  plants  when  exposed  to  sunshine ; 
but  in  the  dark  an  opposite  effect  ensues.  Carbonic  acid  gas  is  not  ab- 
sorbed under  these  circumstances,  nor  is  oxygen  gas  evolved ;  but,  on 
the  contrary,  oxygen  disappears,  and  carbon ic\cid  gas  is  disengaged. 
In  the  daric,  therefore,  vegetables  deteriorate  rather  than  purify  the  air« 
producing  the  same  effect  as  the  respiration  of  animals. 

From  several  of  the  preceding  facts,  it  is  supposed  that  the  oxygen 
emitted  by  plants  while  under  the  influence  of  light  is  derived  from 
the  carbonic  acid  which  they  absorb,  and  that  the  carbon  of  that  gas 
is  applied  to  the  purposes  of  nutrition.  Consistently  with  this  view  it 
baa  been  observed  that  plants  do  not  thrive  when  kept  in  an  atmos- 
phere of  pure  oxygen ;  and  it  was  found  by  Dr  Percival  and  Mr  Hen- 
nr>  that  the  presence  of  a  little  carbonic  acid  is  even  favourable  to 
their  growth.  Saussure,  who  examined  this  subject  minutely,  ascer- 
tained that  plants  grow  better  in  an  atmosphere  which  contains  about 
one-twelfth  of  carbonic  acid,  than  in  compaon  air,  provided  they  are 
exposed  to  sunshine;  but  if  that  gas  be  present  in  a  greater  propordon, 
its  influence  is  prejudicial.  In  an  atmosphere  consisting  of  one-half 
of  its  volume «f  carbonic  acid,  the  plants  perished  in  seven  days  ;  and 
they  did  not  vegetate  at  all  when,  that  gas  was  in  the  proportion  of  two- 
thirds.  In  the  shade,  the  presence  of  carbonic  acid  is  always  detrf- 
mental.  He  likewise  observed  that  the  presence  of  oxygen  is  necessary, 
in  order  that  a  plant  should  derive  benefit  from  admixture  with  car- 
bonic acid. 

Saussure  is  of  opinion  that  plants  derive  a  1ai:ge  (fitntity  of  their 
carbon  from  the  carbonic  acid  of  the  atmosphere,  an  opinion  which 
receives  great  weight  from  the  two  following  comparative  experiments. 
On'causing  a  plant  to  vegetate  in  pure  water,  supplied  with  common 
tur  and  exposed  to  light,  the  carbon  of  the  plant  increased  in  quantity ; 
tbut  when  supplied  with  common  air,  in  a  dark  situation,  it  even  lost  a 
portion  of  the  carbon  which  it  had  previously  possessed. 

Light  IS  necessary  to  the  colour  of  plants.  The  experiments  of  Sen- 
nebier  and  Mr  Gough  have  shown  that  the  green  colour  of  the  leaves 
is  not  developed,  except  when  they  are  in  a  situation  to  absorb  oxygen 
and  give  out  carbonic  acid. 

Though  the  experiments  of  different  philosophers  agree  as  to  the 
influence  of  vegetation  on  the  air  in  sunshine  and  during  the  night, 
considerable  uncertainty  prevails  both  as  to  the  phenomena  occasioned 
by  diffused  daylight,  and  concerning  the  total  effect  produced  by  plants 
on  the  constitution  of  the  atmosphere.  Priestley  found  that  air,  vitiated 
by  combustion  or  the  respiration  of  animals,  and  left  in  contact  for 
apteral  days  and  nights  with  a  sprig  of  mint,  was  gradually  restored  to 
its  original  purity ;  and  hence  he  inferred  that  the  oxygen  gas  con- 
sumed during  these  and  various  other  processes,  is  restored  to  the  mass 
of  the  atmosphere  by  the  agency  of  growing  vegetables. 

This  doctrine  receives  confirmation  from  the  researches  of  Ingen- 
faous2  and  Saussure,  who  were  led  to  adopt  the  opinion  that  the  quan- 
tity of  oxygen  gas  evolved  from  plants  by  day,  exceeds  that  orcarbonic 
acid  emitted  during  the  night.  The  conclusions  of  Mr  Ellis,  on  the 
contrary,  are  precisely  the  reverse.  From  an  extensive  series  of  exper- 
iments, contrived  with  much  sagacity,  Mr  Ellis  inferred  that  growing 
plants  give  out  oxygen  only  in  direct  sunshine,  while  at  all  other  times 
they  absorb  it ;  that  when  exposed  to  the  ordinary  vicissitudes  of  sun- 
shine and  shade,  light  and  darkness,  they  form  more  carbonic  acid  in 
the  period  of  a  day  and  night,  than  they  destroy ;  and,  consequently, 
that  the  general  ^ct  of  vegetation  on  the  atmosphere  is  the  same  as 
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that  produced  by  animals.  (Ellis's  Researches  and  Farther  Inquiries 
on  Vegetation,  &c.) 

This  question  has  been  ably  discussed  by  Sir  H.  Da^y,  in  his  Ele- 
ments of  Agricultural  Chemistry.  Sir  H.  Davy  is  of  opinion  that  the 
experiments  of  Mr  Ellis  cannot  be  regarded  as  decisive,  having  been 
conducted  under  circumstances  unfavourable  to  accuracy  of  result* 
He  considers  the  original  experiments  of  Priestley  as  unexceptionable, 
and  adduces  others  made  by  himself  in  support  of  the  same  doctrine* 

On  the  Food  of  Plants. 

The  chief  source  from  which  plants  derive  the  materials  for  their 
growth  is  the  soil.  However  various  the  composition  of  the  soil,  it 
consists  essentially  of  two  parts,  so  far  as  its  solid  constituents  are 
concerned.  One  is  a  certain  quantity  of  earthy  matters,  such  as  sili* 
ceous  earth,  clay,  lime,  and  sometimes  magnesia ;  and  the  other  is 
formed  from  the  remains  of  animal  apd  vegetable  substances,  which, 
when  mixed  with  the  former,  constitute  common  mould.  A  mixture 
of  this  kind,  moistened  by  rain,  affords  the  proper  ./nourishment  of 
plants.  The  water,  percolating  through  the  mould,  dissolves  the  solu- 
ble salts  with  which  it  comes  in  contact,  together  with  the  gaseous, 
extractive,  and  other  matters,  which  are  formed  during  the  decompo- 
sition of  the  animal  and  vegetable  remains.  In  this  state  it  is  readily 
absorbed  by  the  roots,  and  conveyed  as  sap  to  the  leaves,  where  it 
undergoes  a  process  of  assimilation. 

But  though  thi|  is  the  natural  process  by  which  plants  obtain  the 
greater  part  of  their  nourishment,  and  without  which  they  do  not  ar- 
rive at  perfect  maturity,  they  may  live,  grow,  and  even  increase  in 
weight,  when  wholly  deprived  of  nutrition  from  this  source.  Thusio  < 
the  experiment  of  Saussure,  already  described,  sprigs  of  peppermint 
were  found  to  vegetate  in  distilled  water;  and  it  is  well  known  that 
many  plants  grow  when  merely  suspended  in  the  air.  In  the  hot-houses 
of  the  botanical  garden  of  Edinburgh,  for  example,  there  are  two 
plants,  species  of  the  fig  tree,  the  Ficu8  australis  and  Ficus  elastica, 
the  latter  of  which,  as  Dr  Graham  informs  me,  has  been  suspended 
for  four,  and  the  former  for  nearly  ten  years,  during  which  time  they 
have  continued  to  send  out  shoots  and  leaves. 

Before  scientific  men  had  learned  to  appreciate  the  influence  of 
atmospheric  air  on  vegetation,  the  increase  of  carbonaceous  matter, 
which  occurs  in  some  of  these  instances,  was  supposed  to  be  derived 
from  water,  an  opinion  naturally  suggested  by  the  important  offices 
performed  by  this  fluid  in  the  vegetable  economy.  Without  water, 
plants  speedily  wither  and  die.  It  gives  the  soft  parts  that  degree  of 
succulence  necessary  for  the  performance  of  their  functions ; — it  af- 
fords two  elements,  oxygen  and  hydrogen,  which  either  as  water,  or 
under  some  other  form,  are  contained  in  all  vegetable  products; — and, 
lastly,  the  roots  absorb  from  the  soil  those, substances  only,  which 
are  dissolved  or  suspendedMn  water.  So  carefully,  indeed,  has  nature 
provided  against  the  chance  of  deficient  moisture,  that  the  leaves  are 
endowed  with  a  property  both  of  absorbing  aqueous  vapour  directly 
from  the  atmosphere,  and  of  lowering  their  temperature  during  the 
night  by  radiation,  so  as  to  cause  a  deposition  of  dew  upon  their  sur- 
face, in  consequence  of  which,  during  the  dryest  seasons  and  in  the 
warmest  climates,  they  frequently  continue  to  convey  this  fluid  to  the 
plant,  when  it  can  no  longer  be  obtained  in  sufficient  quantity  from 
the  soil.  But  necessary  as  is  this  fluid  to  vegetable  life,  it  cannot 
yield  to  plants  a  principle  which  it  does  not  possess;  The  carbonace- 
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MM  matter  wbicb  accumoUites  in  plants*  under  the  clreumstances  above 
mentioned,  may,  with  every  appearance  of  justice,  be  referred  to  tbe 
atmofi^ere ;  ftince  we  know  that  carbonic  acid  exists  there,  and  that 
growing  vegetables  have  the  property  of  taking  carbon  from  that  g^. 

When  plants  are  incinerated,  their  ashes  are  found  to  contain  saline 
and  earthy  matters,  the  elements  of  which,  if  not  the  compounds 
themselves,  are  supposed  to  be  derived  from  the  soil.  Such  at  Jeaat 
is  the  view  deducible  from  the  researches  of  Sanssure,  and  which 
might  have  been  anticipated  by  reasoning  on  chemical  principles.  The 
experiments  of  M.  8chrader,  however,  lead  to  a  different  conclu- 
sion. He  sowed  several  kinds  of  grain,  such  as  barley,  wheat,  rye, 
and  oats,  in  pure  flowers  of  sulphur,  and  supplied  the  shoots  as  they 
grew,  with  nothing  but  air,  light,  and  distilled  water.  On  incinerat- 
ing the  plants,  thus  treated,  they  yielded  a  greater  quantity  of  saline 
and  earthy  matters  than  were  originally  present  in  the  seeds. 

These  results,  supposing  them  accurate,  may  be  accounted  for  in 
two  ways.  It  may  be  supposed,  in  the  first  place,  that  the  foreign 
matters  were  introduced  accidentally  from  eztiaoeous  sources,  as  by 
fine  particles  oi  dust  floating  in  the  atmosphere;  or,  secondly,  it  may 
be  conceived,  that  they  were  derived  from  the  sulphur,  air,  and  water, 
with  which  the  plants  were  supplied.  If  the  latter  opinion  be  adopted, 
we  must  infer  either  that  the  vital  principle,  which  certainly  controls 
chemical  affinity  in  a  surprising  manner,  and  directs  this  power  in  the 
production  of  new  compounds  from  elementary  bodies,  may  likewise 
convert  one  element  into  another ;  or  that  some  of  the  substances, 
supposed  by  chemists  to  be  simple,  such  as  oxygen  and  hydrogen,  are 
compounds,  not  of  two,  but  of  a  variety  of  different  principles.  As 
these  conjectures  are  without  foundation,  and  are  utterly  at  variance 
with  the  facts  and  principles  of  the  science,  I  do  not  hesitate  in  adopt- 
ing the  more  probable  opinion,  that  the  experiments  of  M.  Schrader 
ware  influenced  by  some  source  of  error  which  escaped  detection. 


493 


ANIMAL  CHEMISTRY. 


Alt<  distinct  compounds,  which  are  derived  from  the  bodies  of  ani- 
mals, are  called  proximate  animal  principles.  They  are  distinguished 
from  inorganic  matter  by  the  characters  stated  in  the  introduction  to 
organic  chemistry.  The  circumstances  which  serve  to  distinguish 
them  from  vegetable  matter  are,  the  presence  of  nitrogen,  their  strong 
tendency  to  putrefy,  and  the  highly  offensive  products  to  which  their 
spontaneous  decomposition  gives  rise.  It  should  be  remembered, 
however,  that  nitrogen  is  likewise  a  constituent  of  many  vegetable 
substances ;  though  few  of  these,  the  vegeto-animai  principles  ex- 
cepted, (page  477),  are  prone  to  suffer  the  putrefactive  fermentation. 
It  is  likewise  remarkable  that  some  compounds  of  animal  origin,  such 
as  cholesterine  and  the  oils,  do  not  contain  nitrogen  as  one  of  their 
elements,  and  are  not  disposed  to  putrefy. 

The  essential  constituents  of  animal  compounds  are  carbon,  hydro- 
gen, oxygen,  and  nitrogen,  besides  which  some  of  them  contain  phos- 
phorus, sulphur,  iron,  and  earthy  and  saline  matters  in  small  quantity. 
Owing  to  the  presence  of  sulphur  and  phosphorus,  the  process  of  pu- 
trefaction, which  will  be  particularly  described  hereafter,  is  frequently 
attended  with  the  disengagement  of  sulphuretted  and  phosphuretted 
hydrogen  gases.  When  heated  in  close  vessels,  they  yield  water, 
carbonic  oxide,  carburetted  hydrogen,  probably  free  nitrogen  and  hy- 
drogen, the  carbonate  and  hydrocyanate  of  ammonia,  ancl  a  peculiarly 
fetid  thick  oil.  The  carbonaceous  matter  left  in  the  retort  is  less«asily 
burned,  and  is  more  effectual  as  a  decolorizing  agent  than  charcoal 
derived  from  vegetable  matter. 

The  principle  of  the  method  of  analyzing  animal  substances  has 
already  been  mentioned.  (Page  425.) 

In  describing  the  proximate  animal  principles,  the  number  of  which 
is  far  less  considerable  thai^  the  vegetable  compounds,  I  shall  adopt 
the  arrangement  suggested  by  Gay-Lussac  and  Thenard  in  their  Re* 
cherehes  Physico-Chimiques,  and  followed  by  Thenard  in  his  System 
of  X])hemistry.  The  animal  compounds  are  accordingly  arranged  in 
three  sections.  The  first  contains  substances  which  are  neither  acid 
nor  oleaginous ;  the  second  comprehends  the  animal  acids ;  and  the 
third  includes  the  animal  fats.  Several  of  the  principles  belonging  to 
the  first  division,  such  as  fibrin,  albumen,  gelatin,  caseous  matter,  and 
urea,  were  shown  by  Gay-Lussac  and  Thenard  to  have  several  points 
of  similarity  in  their  composition.  They  all  contain,  for  example,  a 
large  quantity  of  carbon,  and  their  hydrogen  is  in  such  proportion  as 
'to  convert  ail  their  oxygen  into  water,  and  their ' nftrogen  into  ammo- 
nia. No  general  laws  have  been  established  relative  to  the  constitution 
of  the  compounds  comprised  in  the  other  sections. 
R  r 
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SECTION  I. 

SUBSTJlATCES    WHICH  ARE  JSTEITHER  ACID   JVOR 
OLEAGUSrOUa. 

Fibrin. 

Fibrin  enters  largely  into  the  composition  of  the  blood,  and  is  the 
basis  of  the  muscles ;  it  may  be  regarded,  therefore,  as  one  of  the  most 
abundant  of  the  animal  principles.  It  is  most  conveniently  procured 
by  stirring  recently  drawn  blood  with  a  stick  during  its  coagulation, 
and  then  washing  the  adhering  fibres  with  water  until  they  are  per- 
fectly white.  It  may  also  be  obtained  by  removing  the  soluble  parts 
from  lean  beef,  cut  into  small  slices,  by  digestion  in  several  successive 
portions  of  water. 

Fibrin  is  solid,  white,  insipid,  and  inodorous.  When  moist  it  is  some- 
what elastic,  but  on  drying,  it  becoities  hard,  brittle,  and  semi-transpa- 
rent. In  a  moist,  warm  situation,  it  readily  putrefies.  It  is  insoluble 
in  water  at  common  temperatures,  and  is  dissolved  in  very  minute 
quantity  by  the  continued  action  of  boiling  water.  Alcohol,  of  specific 
gravity  0.81,  converts  it  into  a  fatty  adipocirous  matter,  which  is  solu- 
ble in  alcohol  and  ether,  but  is  precipitated  by  water. 

The  action  of  acids  on  fibrin  has  been  particularly  described  by  Ber- 
zelius.*  Digested  in  concentrated  acetic  acid,  fibrin  swells  and  be- 
comes a  bulky  tremulous  jelly,  which  dissolves  completely,  with  disen- 
gagement of  a  little  nitrogen,  in  a  considerable  quantity  of  hot  water. 
By  the  action  of  nitric  acid,  of  specific  gravity  1.25,  aided  by  heat 
on  fibrin,  a  yellow  solution  is  formed,  with  disengagement  of  a  large 
quantity  of  neariy  pure  nitrogen,  in  which  Berzelius  could  not  detect 
tiie  least  trace  of  the  deutozide  of  nitrogen.  After  digestion  for  twen- 
ty-four hours,  a  pale  yellow  pulverulent  Substance  is  deposited,  which 
Fourcroy  and  Vauquelin  described  as  a  new  acid  under  the  name  of 
yellow  acid.  According  to  Berzelius,  however,  it  is  a  compound  of 
modified  fibrin  and  nitric  acid,  together  with  some  malic  and  nitrous 
acids.  It  likewise  contains  some  fatty  matter,  which  may  be  removed 
by  alcohol.  The  origin  of  the  nitrogen  which  is  disengaged  in  the  be- 
ginning of  the  process,  is  somewhat  obscure.  From  the  total  absence 
of  the  deutoxide  of  nitrogen,  it  is  probable  that,  in  the  early  stages, 
very  little,  if  any,  of  the  nitric  acid  is  decomposed,  and  that  the  nitro- 
gen gas  is  solely  or  chiefly  derived  from  the  fibrin. 

Dilute  muriatic  acfd  hardens  without  dissolving  fibrin,  and  the  strong 
acid  decomposes  it.  The  action  of  sulphuric  acid,  according  to  M. 
Braconnot,  is  very  peculiar.  When  fibrin  is  mixed  with  its  own  weight 
of \  concentrated  sulphuric  acid,  a  perfect  solution  ensues  without 
change  of  colour,  or  disengagement  of  sulphurous  acid.  On  diluting 
with  water,  boiling  for  nine  hours,  and  separating  the  acid  by  means 
of  chv^lk,  the  filtered  solution  was  found  to  contain  a  peculiar  white 
matter,  to  which  M.  Braconnot  has  applied  the  name  of  leucine,  (An. 
de  Ch.  et  de  Ph.  vol.  xiii.)    Digested  in  strong  sulphuric  acid,  a  dark 
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reddish-browD,  nearly  black  solution  is  formed,  and  tlie  fibrin  is  car- 
bonized and  decomposed. 

Fibrin  is  dissolved  by  pure  potassa,  and  is  tbrown  down  when  the 
solution  is  neutralized.  The  fibrin  thus  precipitated,  however,  is  par- 
tially changed,  since  it  is  no  longer  soluble  in  acetic  acid.  It  is  solu- 
ble likewise  in  ammonia. 

According  to  the  analysis  of  Gay-Lussac  and  Thenard,  100  parts  of 
fibrin  are  composed  of  carbon,  53.86,  hydrogen  7.021,  oxygen  19.68&, 
and  nitrogen  19.934.  From  these  numbers,  fibrin  may  be  regarded  as 
an  atomic  compound  of  eighteen  equivalents  of  carbon,  fourteen  of 
hydrogen,  five  of  oxygen,  and  three  of  nitrogen. 

Albumen. 

Albumen  enters  largely  into  the  composition  both  of  animal  fluids 
and  solids.  Dissolved  in  water,  it  forms  an  essential  constituent  of  the 
serum  of  the  blood,  the  liquor  of  the  serous  cavities,  and  the  fluid  of 
dropsy ;  and  in  a  solid  state,  it  is  contained  in  several  of  the  textures 
ot  the  body,  such  as  the  cellular  membrane,  the  skin,  glands,  and 
vessels.  From  this  it  appears  that  albumen  exists  under  two  forms, 
liquid  and  solid. 

Liquid  albumen  is  best  procured  from  the  white  of  eggs,  which 
consists  almost  solely  of  this  principle,  united  with  water  and  free 
soda,  and  mixed  with  a  small  quantity  of  saline  matter.  In  this  state, 
it  is  a  thick  glairy  fluid,  insipid,  inodorous,  and  easily  miscible  with 
cold  water,  in  a  sufficient  quantity  of  which  it  is  completely  dissolved* 
When  exposed  in  thin  layers  to  a  current  of  air  it  dries,  and  becomes 
a  solid  and  transparent  substance,  which  retains  its  solubility  in  water, 
and  may  be  preserved  for  any  length  of  time  without  change.  Kept 
in  its  fluid  condition,  it  readily  putrefies.  From  the  free  soda  which 
they  contain,  albuminous  liquids  have  always  an  alkaline  reaction. 

Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the  stronger 
acids.  Undiluted  albumen  is  coagulated  by  a  temperature  of  160% 
and  when  diluted  with  water,  at  212°  F.  Water  which  contains  only 
1-lOOOth  of  its  weight  of  albumen  is  rendered  opake  by  boiling. 
(Bostock.)  On  this  property  is  founded  the  method  of  clarifying  by 
means  of  albuminous  solutions ;  for  the  albumen  being  coagulated  by 
heat,  entangles  in  its  substance  all  the  foreign  particles  which  are  not 
actually  dissolved,  and  carries  them  with  it  to  the  surface  of  the  liquid. 
The  character  of  being  coagulated  by  hot  water  distinguishes  albumen 
from  all  other  animal  fluids. 

The  acids  difler  in  their  action  on  albumen.  The  sulphuric,  muri- 
atic, and  nitric  acids  coagulate  it;  and  in  each  case,  according  to  The- 
nard, some  of  the  acid  is  retained  by  the  albumen.  Phosphoric  acid, 
recently  ignited,  likewise  coagulates  albumen;  but  on  keeping  the 
acid  dissolved  in  water,  its  power  of 'producing  coae^ulation  gradually 
declines,  and  after  a  few  days  ceases  altogether.  The  solution  of  al- 
bumen is  not  precipitated  at  all  by  acetic  acid.  By  maceration  in  di- 
lute nitric  acid  for  a  month,  it  is  converted,  according  to  Mr  Hatchett, 
into  a  substance  soluble  in  hot  water,  and  possessed  of  the  leading 
properties  of  gelatin.  Digested  in  strong  sulphuric  acid,  the  co|igu- 
lum  is  dissolved,  and  a  dark  solution  is  formed  similar  to  that  produced 
by  the  same  acid  on  fibrin ;  but  if  the  heat  be  applied  very  cautiously, 
the  liquid  assumes  a  beautiful  red  colour.  This  property  was  discover- 
ed some  years  ago  by  Dr  Hope,  who  informs  me  that  the  experimen 
does  not  always  succeed,  the  result  being  influenced  by  very  sligh 
causes. 
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Albumen  is  precipitated  by  several  reagents,  especially  by  metallic 
salts.  This  effect  is  produced  by  muriate  of  tin,  subacetate  of  lead, 
muriate  of  gold,  and  solution  of  tannin.  Corrosive  sublimate  is  a  very 
delicate  test  of  the  presence  of  albumen,  causing  a  milkiness  when 
the  albumen  is  diluted  with  2000  parts  of  water.  The  nature  of  the 
precipitate  has  already  been  explained.  (Page  359.)  The  ferrocya- 
Date  of  potassa  is  equally  if  not  still  more  delicate,  provided  a  little 
acetic  acid  is  previously  added  to  neutralize  the  free  soda. 

When  an  albuminous  liquid  is  exposed  to  the  agency  of  galvanism, 
pare  soda  makes  its  appearance  at  the  negative  wire,  and  the  albumen 
coagulates  around  that  which  is  in  connection  with  the  positive  pole 
of  the  battery.  Mr  Brande*,  who  first  observed  this  phenomenon, 
ascribes  it  to  the  separation  of  free  soda,  upon  which  he  supposes  the 
solubility  of  albumen  in  water  to  depend ;  but  M.  Lassaignef  attri- 
butes it  to  (he  decomposition  of  muriate  of  soda,  the  acid  of  which 
coagulates  the  albumen.  However  this  may  be,  galvanism  is  one  of 
the  most  elegant  and  delicate  tests  of  the  presence  of  albumen  in  ani- 
mal fluids  wbiich  we  possess. 

Chemists  are  not  agreed  as  to  the  cause  of  the  coagulation  of  albu- 
men. When  it  is  coagulated  by  different  chemical  agents,  such  as 
tannin  and  metallic  salts,  the  albumen  is  thrown  down  in  consequence 
of  forming  an  insoluble  compound  with  the  substance  employed ;  and 
perhaps  this  is  also  the  mode  by  which  acids  coagulate  it.  With  re- 
spect to  the  agency  of  heat,  alcohol,  and  probably  of  acids,  a  different 
view  must  be  adopted.  The  explanation  usually  given  is  that  proposed 
by  Dr  Thomson,  who  ascribes  the  solubility  of  albumen  to  the  presence 
of  free  soda,  and  its  coagulation  to  the  removal  of  the  alkali.  To  this 
hypothesis,  Dr  Bostock  objects,  and  with  every  appearance  of  justice, 
that  albuminous  liquids  do  not  contain  a  sufficient  quantity  of  free  al- 
kali for  the  purpose.  (Medlco-Cbir.  Trans,  vol.  ii.  p.  175.)  Were  I  to 
hazard  an  opinion  on  this  subject,  it  would  be  the  follovring : — that  al- 
bumen combines  directly  with  water  at  the  moment  of  being  secreted, 
at  a  time  when  its  particles  are  in  a  state  of  minute  division  ;  but  as 
its  affinity  for  that  liquid  is  very  feeble,  the  compound  is  decomposed 
by  slight  causes,  and  for  the  same  reason  the  albumen  becomes  quite 
insoluble,  as  soon  as  it  is  rendered  solid  by  coagulation.  Silica  affords 
,  an  instance  of  a  similar  phenomenon.  (Page  308.) 

Albumen  coagulates  without  appearing  to  undergo  any  change  of 
composition,  but  it  is  quite  insoluble  in  water,  and  is  less  liable  to  pu- 
trefy than  in  its  liquid  state.  It  is  dissolved  by  alkalies  with  disengage-' 
ment  of  jimmonia,  and  is  precipitated  from  its  solution  by  acids.  In 
the  coagulated  state,  it  bears  a  very  close  resemblance  to  fibrin,  and 
is  wkli  difficulty  distinguished  from  it.  Alcohol,  ether,  acids,  and  al- 
kalies, according  to  Berzelius,  act  upon  each  in  the  same  manner.  He 
observes,  however,  that  acetic  acid  and  ammonia  dissolve  fibrin  more 
easily  than  coagulated  albumen.  According  to  Thenard,  they  are  readi- 
ly distinguished  by  means  of  the  deutoxide  of  hydrogen,  from  which 
fibrin  causes  evolution  of  oxygen,  while  albumen  has  no  action  upon  it. 

Albumen  has  been  analyzed  by  Gay-Lussac  and  Thenard,  and  Dr 
Prout,  with  the  following  results : — 
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Carbon, 
Hydrogen, 
Oxygen, 
Nitrogen, 


52.883 

7.540 

23.872 

15.705 

100.000 


seventeen  eqyuiv. 
thirteen  equiv. 
six  equiv. 
two  equiF. 


50. 

7.78 
26.67 
15.55 

100.00 


fifteen  equiv. 
fourteen  equiv. 
six  equiv. 
two  equiv. 


Oelatin. 

Gelatin  exists  abundantly  in  many  of  the  solid  parts  of  the  body, 
especially  In  the  skin,  cartilages,  tendons,  membranes,  and  bones. 
According  to  Berzelius,  it  is  not  contained  inany  of  the  healthy  animal 
fluids ;  and  Dr  Bostock,  with  respect  to  the  blood,  has  demonstrated 
the  accuracy  of  this  statement.  (Medico-Chir.  Trans,  vol.  i.  and  ii.) 

Gelatin  is  distinguished  from  all  animal  principles  by  its  ready  solu- 
bility in  boiling  water,  and  by  the  solution  forming  a  bulky,  semi* 
transparent,  tremulous  jelly  as  it  cools.  Its  tendency  to  gelatinize  is 
such,  that  one  part  of  gelatin,  dissolved  in  100  parts  of  water,  becomes 
solid  in  cooling.  This  jelly  is  a  hydrate  of  gelatin,  and  contains  so 
much  water,  that  it  readily  liquefies  when  warmed.  On  expelling  the 
water  by  a  gentle  heat,'a  brittle  mass  Is  left,  which  retains  its  solubility 
in  hot  water,  and  may  be  preserved  for  any  length  of  time  without 
change.  Jelly,  on  the  contrary,  soon  becomes  acid  by  keeping,  and 
then  putrefies. 

The  common  gelatin  of  commerce  is  the  well-known  cement  called 
glue,  which  is  prepared  by  boiling  in  water  the  cuttings  of  parchment, 
or  the  skins,  ears,  and  hoofs  of  animals,  and  evaporating  the  solution. 
Isinglass,fwhich  is  the  purest  variety  of  gelatin,  is  prepared  from  the 
sounds  of  fish  of  the  genus  acipenser,  especially  from  the  sturgeon. 
The  animal  jelly  of  the  confectioners  Is  made  from  the  feet  of  calves, 
the  tendinous  and  ligamentous  parts  of  which,  yield  a  large  quantity  of 
gelatin. 

Gelatin  is  insoluble  in  alcohol,  but  is  dissolved  readiiy  by  most  of 
the  diluted  acids,  which  form  an  excellent  solvent  for  it.  Mixed  with 
•twice  its  weight  of  concentrated  sulphuric  acid,  it  dissolves  wi4)iout 
being  charred ;  and  on  diluting  the  solution  with  water,  boiliog  for  sev- 
eral hours,  separating  the  acid  by  means  of  chalk,  and  evaporating  the 
filtered  liquid,  a  peculiar  saccharine  principle  is  deposited  in  crystals. 
This  substance  has  a  sweet  taste,  somewhat  like  that  of  the  sugar  of 
grapes,  is  soluble  in  water,  though  less  so  than  common  sugar,  and  is 
insoluble  in  alcohol.  When  heated  to  redness,  it  yields  ammonia  as 
one  of  the  products,  a  circumstance  which  shows  that  it  contains  ni- 
trogen. Mixed  with  yeast,  its  solution  does  not  undergo  the  vinous 
fermentation;  and  it  combines  directly  with  the  nitric  acid.  It  is  hence 
apparent  that,  though  possessed  of  a  sweet  taste,  it  differs  entirely 
from  sugar.  This  substance  was  discovered  by  M.  Braconnot.  (An* 
de  Ch.  et  de  Ph.  vol.  xiii.) 

Gelatin  is  dissolved  by  the  liquid  alkalies,  and  the  solution  is  not 
precipitated  by  acids. 

Gelatin  manifests  little  tendency  to  unite  with  metallic  oxides. 
Corrosive  sublimate  and  subacetate  of  lead  do  not  occasion  any  pre- 
cipitate in  a  solution  of  gelatin,  and  the  salts  of  tin  and  silver  affect  it 
▼eiy  slightly.  The  best  precipitant  for  it  is  tannin.  By  means  of 
an  infusion  of  gall-nuts,  Dr  Bostock  detected  the  presence  of  gelatin 
R  r  2 
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wben  mixed  with  6000  ti(pe8  its  weight  of  water ;  and  its  quantity 
may  even  be  estimated  approximately  by  this  reagent.  (Page  476.) 
But  since  other  animal  substances,  as  for  example  albumen,  are  pre- 
cipitated by  tannin,  it  cannot  be  relied  on  as  a  test  of  gelatin.  The 
best  character  for  this  subsUnce  is  that  of  solubility  in  hot  water,  and 
of  forming  a  jelly  as  it  cools. 

According  to  the  analysis  of  gelatin  by  Gay-Lussac  and  Thenard, 
100  parts  of  this  substance  consist  of  carbon  47 .SSI,  hydrogen  7.914, 
oxygen  27.207,  and  nitrogen  16.99S  From  these  numbers  it  appears 
that  its  composition,  as  to  the  relative  quantity  of  its  elements,  is 
identical  with  that  of  albumen  as  determined  by  Dr  Prout. 

Urea. 

Pure  urea  is  procured  by  evaporating  fresh  urine  to  the  consistence 
of  a  syrup,  and  then  gradually  adding  to  it,  when  quite  cold,  pure  con- 
centrated nitric  acid,  till  the  whole  becomes  a  dark-coloured  crys- 
tallized mass,  which  is  to  be  slightly  washed  with  cold  water,  and 
then  dried  by  pressure  between  folds  of  bibulous  paper.  To  the 
nitrate  of  urea,  thus  procured,  a  pretty  strong  solution  of  carbonate  of 
potassa  or  soda  is  added,  until  the  acid  is  neutralized  ;  and  the  solu- 
tion is  afterwards  concentrated  by  evaporation,  and  set  aside,  in  order 
that  the  nitre  may  separate  in  crystals.  The  residual  liquid,  which  is 
an  impure  solution  of  urea,  is  made  up  into  a  thin  paste  with  animal 
charcoal,  and  is  allowed  to  remain  in  that  state  for  a  few  hours.  The 
paste  is  then  mixed  with  cold  water,  which  takes  up  the  urea,  while 
the  colouring  matter  is  retained  by  the  charcoal ;  and  the  colourless 
solution  is  evaporated  to  dryness  at  a  low  temperature.  The  residue 
is  then  boiled  in  pure  alcohol,  by  which  the  urea  is  dissolved,  and  from 
which  it  is  deposited  in  crystals  on  cooling. 

Dr  Prout,  to  whom  we  are  indebted  for  the  foregoing  process  for 
preparing  pure  urea,  has  given  the  following  account  of  its  properties. 
(Medico-Chir.  Trans,  vol.  viii.  p.  629.)  Its  crystals  are  transparent 
and  colourless,  of  a  slight  pearly  lustre,  and  have  commonly  the  form  of 
a  four-sided  prism.  It  leaves  a  sensation  of  coldness  on  the  tongue 
like  nitre.  Its  smell  is  faint  and  peculiar,  but  not  urinous.  Its 
specific  gravity  is  about  1.35.  It  does  not  afiect  the  colour  of  litmus 
or  tqfmeric  paper.  In  a  moist  atmosphere,  it  deliquesces  slightly;* 
but  otherwise  undergoes  no  change  on  exposure  to  the  air.  Exposed 
to  a  strong  heat,  it  melts,  and  is  partly  decomposed,  and  partly  sub- 
limes, apparently  without  change.  The  chief  product  of  the  decom- 
position, besides  inflammable  gas  of  a  very  fetid  odour,  benzoic  acid, 
and  charcoal,  ia  carbonate  of  ammonia. 

Water  at  GO"*  dissolves  more  than  its  own  weight  of  urea,  and  boil- 
ing water  takes  up  an  unlimited  quantity.  It  requires  for  solution 
about  five  times  its  weight  of  alcohol  of  specific  gravity  0.816  at  6^"* 
F.  and  rather  less  than  its  own  weight  at  a  boiling  temperature.  The 
aqueous  solution  of  pure  urea  may  be  exposed  to  the  atmosphere  for 
several  months,  or  be  heated  to  the  boiling  point,  without  change ; 
but,  on  the  contrary,  if  the  other  constituents  of  the  urine  are  present, 
it  putrefies  with  rapidity,  and  is  decomppsed  by  a  temperature  of  212^ 
F.  being  almost  entirely  resolved  into  carbonate  of  ammonia  by  con- 
tinued ebullition. 

The  pure  fixed  alkalies  and  alkaline  earths  decompose  urea,  espe- 
cially by  the  aid  of  heat,  carbonate  of  ammonia  being  the  chief  product. 
Though  urea  has  not  any  distinct  alkaline  properties,  it  unites  with 
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the  nitric  and  oxalic  acids,  forming  sparingly  soluble  compounds,  which 
crystailize  in  scales  of  a  pearly  lustre.  This  property  affords  an  ex- 
cellent test  of  the  presence  of  urea.  Both  compounds  have  an  acid 
reaction,  and  the  nitrate  consists  of  54  parts  or  one  equivalent  of  nitrio 
acid,  and  60  parts  or  two  equivalents  of  urea. 

The  constituents  of  urea,  according  to  the  analysis  of  Dr  Prout,  are 
in  the  proportion  of  one  equivalent  of  carbon,  two  of  hydrogen,  one  of 
oxygen,  and  one  of  nitrogen.    Its  atomic  weight,  therefore,  is  30. 

A  singular  instance  of  the  artificial  production  of  urea  has  been 
lately  noticed  by  Wohler.  It  is  formed  by  the  action  of  ammonia  oa 
cyanogen ;  but  the  best  mode  of  preparing  it  is  by  decomposing  cyan* 
ate  of  silver  with  muriate  of  ammonia,  or  acting  on  cyanate  of  lead 
with  ammonia.  In  the  last  case,  oxide  of  lead  is  set  free,  and  the  only 
other  product  appears  in  colourless,  transparent,  four  sided,  rectan- 
gular crystals.  These  crystals,  judging  by  the  mode  of  preparation, 
must  be  cyanate  of  ammonia.  But  yet  no  ammonia  is  evolved  from 
them  by  the  action  of  potassa;  the  stronger  acids  do  not,  as  with  other 
cyanates,  cause  an  evolution  of  carbonic  and  cyanic  acids ;  nor  8o  they 
yield  precipitates  with  salts  of  lead  and  silver.  In  fact,  though  pro- 
cured by  the  mutual  action  of  cyanic  acid  and  ammonia,  the  characters 
above  mentioned  do  not  indicate  the  presence  of  either;  but  on  the 
contrary  the  crystals  agree  with  urea  obtained  from  urine  in  composi- 
tion and  all  their  chemical  properties.  (Journal  of  Science,  N.  S.  iii. 
491.)*  The  cyanic  acid  above  referred  to  is  that  discovered  by  Woh- 
ler. (Page  254.) 


*  This  identity  of  composition  between  the  cyanate  of  ammonia  and 
urea  does  not  obtain,  unless  it  is  assumed  that  the  cyanate  contains 
one  equivalent  of  water.  Thus  the  protohydrated  cyanate  of  ammonia 
would  consist  of 


C  Carbon, 

12 

or  two  equivalents. 

Cyanic  acid,  <  Nitrogen, 

14 

or  one  equivalent. 

(  Oxygen, 

8 

or  one  equivalent. 

Ammonia      J  Nitrogen, 

14 

or  one  equivalent. 

Ammonia,     z  Hydrogen,       . 

8 

or  three  equivalents. 

^•♦-.         {SKaa.      : 

8 

or  one  equivalent. 

1 

or  one  equivalent. 

These  proportions  are  equivalent  to 
Carbon, 
Nitrogen, 
Oxygen, 
Hydrogen, 


Now  the  composition  of  urea  is. 
Carbon, 
Nitrogen, 
Oxygen, 
Hydrogen, 


60 

12  or  two  equivalents. 

28  or  two  equivalents. 

16  or  two  equivalents. 

4  or  four  equivalents. 

60 

6  or  one  equivalent. 

14  or  one  equivalent. 

8  or  one  equivalent, 

2  or  two  equivalents. 

80 


Here  it  is  apparent  that  the  proportions  in  which  the  elements  are 
united  in  the  two  substancM  are  precisely  the  same ;  and  that  two 
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Sugar  of  Milkj  and  Sugar  of  Diabetes. 

Sugar  of  MUk. — ^The  saccharine  priDciple  of  milk  is  obtained  front 
whey  by  evaporating  that  liquid  to  the  consistence  of  syrap,  and  allow- 
ing it  to  cool.  It  is  afterwards  purified  by  means  of  albumen  and  a 
second  crystallization. 

The  sugar  of  milk  has  a  sweet  taste,  though  less  so  than  the  sugar 
of  the  cane,  from  which  it  differs  essentially  in  several  other  respects. 
Thus  it  requires  seven  parts  of  cold  and  four  of  boiling  water  for  solu* 
tion,  and  is  insoluble  in  alcohol.  It  is  not  susceptible  of  undergoing 
the  vinous  fermentation ;  and  when  digested  with  nitric  acid,  it  yields 
the  saccholactic  acid,  a  property  first  noticed  by  Scheele,  and  which 
distinguishes  the  saccharine  principle  of  milk  from  every  other  species 
of  sugar.  Like  starch,  it  is  convertible  into  real  sugar  by  being  boiled 
in  water  acidulated  with  sulphuric  acid. 

The  sugar  of  milk  contains  no  nitrogen,  and,  according  to  the  an- 
alysis 01  Gay-Lussac  and  Thenard,  is  very  analogous  to  common  sugar 
in  the  proportion  of  its  elements. 

Sugar  of  Diabetes. — In  the  disease  called  diaheteSy  the  urine  con- 
tains a  peculiar  saccharine  matter,  which,  when  properly  purified,  ap- 
pears identical  both  in  properties  and  composition  wiOi  vegetable  sugar, 
approaching  nearer  to  the  sugar  of  grapes  than  that  from  the  sugar  cane. 

This  kind  of  su^ar  is  obtained  in  an  irregulariy  crystalline  mass  by 
evaporating  diabetic  urine  to  the  consistence  of  syrup,  and  keeping  it 
in  a  warm  place  for  several  days.  It  is  purified  by  washing  the  mass 
with  alcohol  either  cold  or  at  most  gently  heated,  till  that  liquid  comes 
off  colourless,  and  then  dissolving  it  in  hot  alcohol.  By  repeated  crys- 
tallization, it  is  thus  rendered  quite  pure.  (Prout.) 

Two  other  principles  yet  remain  to  be  considered,  namely,  the  co- 
louring principle  of  the  blood,  and  caseous  matter;  but  these  will  be 
more  conveniently  studied  in  subsequent  sections. 


SECTION  II. 

.OJVIMjiL  ACIDS. 

In  animal  bodies  several  acids  are  found,  such  as  the  sulphuric,  mu- 
riatic, phosphoric,  acetic,  &c.,  which  belong  equally  to  the  mineral  or 
vegetable  kingdom,  and  which  have  consequently  been  described  in 
other  parts  of  the  work.  In  this  section  are  included  those  acids  only 
which  are  believed  to  be  peculiar  to  animal  bodies. 

equivalents  of  urea  are  exactly  equal  to  one  equivalent  of  the  hydrated 
cyanate  of  ammonia.  J^Torth  American  Med,  and  Surg,  Joumai, 
for  Jctn.  1829,  fiom  the  Joum,  de  Chimie  Mid.  B. 
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Uric,  Purpuric,  Rosacic,  Formic,  and  Lactic  Acids, 

fyc. 

Uric  or  Lithie  Acid. — ^This  acid  is  a  common  constituent  of  urinary 
and  gouty  concretions,  and  is  always  present  in  healthy  -urine,  com- 
bined with  ammonia  or  some  other  alkali.  The  urine  of  birds  of  prey, 
'such  as  the  eagle,  and  of  the  hoa  constrictor  and  other  serpents,  con- 
sists almost  solely  of  urate  of  ammonia,  from  which  pure  uric  acid  may 
be  procured  by  a  very  simple  process.  For  this  purpose  the  solid 
urine  of  the  hoa  constrictor  is  reduced  to  a  fine  powder,  and  digested 
in  a  solution  of  pure  potassa,  in  which  it  is  readily  dissolved  with  dis- 
engagement of  ammonia.  The  urate  of  potassa  is  then  decomposed 
by  adding  the  acetic,  muriatic,  or  sulphuric  acid  in  slight  excess,  when 
the  uric  acid  is  thrown  down,  and,  after  being  washed,  is  collected  on 
a  filter.  On  its  first  separation  from  the  alkali,  it  is  in  the  form  of  a 
gelatinous  hydrate,  but  in  a  short  time  this  compound  is  decoqnposed 
spontaneously,  and  the  uric  acid  subsides  in  small  crystals. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  insoluble  in 
alcohol,  and  is  dissolved  very  sparingly  by  cold  or  hot  water,  requiring 
about  10,000  times  its  weight  of  that  fluid  at  eo*"  F.  for  solution. 
(Prout.)  It  reddens  litmus  paper,  and  unites  with  alkalies,  forminz 
salts  which  are  called  urates  or  lithates.  The  uric  acid  does  not  e^ 
fervesce  with  alkaline  carbonates  ;  but  Dr  Thomson  affirms  that  when 
boiled  for  some  time  with  carbonate  of  soda,  the  whole  of  the  carbonic 
acid  is  expelled.  A  current  of  carbonic  acid,  on  the  contrary,  throws 
down  the  uric  acid  when  dissolved  by  potassa.  This  acid  undergoes 
DO  change  by  exposure  to  the  air. 

Of  the  acids  none  exert  any  peculiar  action  on  the  uric  excepting 
the  nitric  acid.  When  a  few  drops  of  nitric  acid,  slightly  diluted,  are 
mixed  on  a  watch  glass  with  uric  acid,  and  the  liquid  is  evaporated  to 
dryness,  a  beautiful  purple  colour  comes  into  view,  the  tint  of  which 
is  improved  by  the  addition  of  water.  This  character  affords  an  une- 
quivocal test  of  the  presence  of  uric  acid.  The  nature  of  the  change 
will  be  considered  immediately. 

Uric  acid  is  decomposed  by  chlorine.  On  transmitting  that  gas 
through  water  in  which  uric  acid  is  suspended,  the  latter  disappears, 
and  the  liquid  is  found  to  contain  the  oxalic  and  malic  acids,  and  mu- 
riate of  ammonia. 

Uric  acid  has  been  repeatedly  analyzed  by  Dr  Prout,  and  its  con- 
stituents, according  to  his  latest  analysis,  (Medico-Cbir.  Trans,  vol. 
ix.)  are  in  the  following  proportions : — 

Carbon,  .  86    or  six  equivalents. 

Hydrogen,       .  2    or  two  equivalents. 

Oxygen,  •  24    or  three  equivalents. 

Nitrogen,         .  28    or  two  equivalents. 

90 
The  crystallized  acid,  as  analyzed  by  Prout,  is  supposed  by  most 
chemists  to  be  anhydrous ;  but  Dr  Thomson  maintains  that  on  ex- 
posing 90  parts  of  it  to  a  temperature  of  400^  F.  it  loses  18  parts,  or 
two  equivalents  of  water,  and  that  the  residue  is  the  real  anhydrous 
uric  acid,  composed  of  six  equivalents  of  carbon,  one  of  oxygen,  and 
two  of  nitrogen.  On  this  view,  the  atomic  weight  of  uric  acid  is  72, 
a  number  which  Dr  Thomson  has  deduced  from  his  analysis  of  the 
urate  of  soda. 


502  Animal  Adds. 

Theialtsofuric  acid  have  been  described  bv  Dr  Henry.  (Man- 
chester Memoirs,  vol.  ii.  N.S.)  The  only  ones  of  importance  are  the 
urates  of  ammonia,  potassa,  and  soda.  The  urate  of  ammonia  is  solu- 
ble to  a  considerable  extent  in  boiling,  bat  more  sparingly  in  cold 
water.  The  urates  of  soda  and  potassa,  if  neutral,  are  of  very  sparing 
solubility ;  but  an  excess  of  either  alkali  takes  up  a  large  quantity  of 
the  acid.  The  former  was  found  by  Dr  WoUaston  to  be  the  chief  con- 
aUtuent  of  gouty  concretions. 

PyrO'Uric  Acid. — When  uric  acid  is  exposed  to  heat  in  a  retort* 
the  carbonate  and  hydrocyanate  of  ammonia  are  formed,  together 
with  a  peculiar  volatile  acid,  called /^yro-unc  add,  which  was  formerly 
described  by  Dr  Henry,  and  has  recently  been  particularly  studied  by 
MM.  Chevailier  and  Lassaigne.  (Ann.  of  Phil.  vol.  zvi.) 

This  acid  sublimes  without  change,  and  condenses  on  cool  surfaces 
in  the  form  of  white  acicular  crystals.  It  is  soluble  in  boiling  al- 
cohol* and  requires  forty  times  its  weight  of  water  for  solution.  It  ia 
not  decomposed  by  digestion  in  nitric  acid,  a  character  by  which  it  is 
distinguished  from  uric  acid. 

Purpuric  Acid, — ^This  compound  was  first  recognised  as  a  distinct 
acid  by  Dr  Prout,  and  was  described  by  him  in  the  Philosophical 
Transactions  for  1818.  Though  colourless  itself,  it  has  a  remarkable 
tendency^to  form  red  or  purple  coloured  salts  with  alkaline  bases,  a 
character  Dy  which  it  is  distinguished  from  all  other  substances,  and 
to  which  it  owes  the  name  o{ purpuric  acid,  suggested  by  Dr  WoUas- 
ton. Thus  the  purple  residue  above  mentioned,  as  indicative  of  the 
presence  of  uric  acid,  is  the  purpurate  of  ammonia,  which  is  always 
generated  when  the  uric  is  decomposed  by  nitric  acid. 

This  compound  is  prepared  by  digesting  pure  uric  acid,  extracted 
from  the  urine  of  the  boa  constrictor,  in  dilute  uitric  acid,  when  the 
former  is  dissolved  with  effervescence.  The  solution  is  then  neutraliz- 
ed by  ammonia,  and  concentrated  by  evaporation,  during  the  course 
of  which  purple  coloured  crystals  of  the  purpurate  of  ammonia  are  de- 
posited. The  purpurate  of  ammonia  is  then  decomposed  by  digestion 
with  pure  potassa*  and  the  liquid  is  gradually  poured  into  dilute  sul« 
pfauric  acid.  The  purpuric  acid  is  thus  disengaged,  and  being  insolu- 
ble in  water,  subsides  to  the  bottom  in  the  form  of  a  white  or  yellow- 
ish-white powder,  according  to  its  degree  of  purity.  This  process,  I 
may  remark,  is  one  of  some  delicacy ; — I  have  repeatedly  followed  the 
steps  recommended  by  Dr  Prout,  but  have  been  as  frequently  disap- 
pointed in  the  attempt  to  procure  the  acid  in  an  insulated  state. 

Considerable  uncertainty  prevails  as  to  the  nature  of  purpuric  acid. 
Vauquelin,  for  example,  denies  that  its  salts  have  a  purple  colour,  but 
attributes  that  tint  to  the  presence  of  some  impurity.  M.  Lassaigne 
is  likewise  inclined  to  the  same  opinion.  (An.  de  Ch.  et  de  Ph.  vol. 
zxii,  p.  334.)  The  composition  of  the  acid  is  a  point  equally  unset- 
tled ;  for  Dr  Prout  has  expressed  a  doubt  of  the  accuracy  of  the  analysis 
which  he  formerly  published. 

The  name  o(  eryihric  acid  (from  t^v^^Atruf,  to  redden)  was  applied 
by  Brugnatelli  to  a  substance  which  he  procured  by  the  action  of  the 
nitric  on  uric  acid.  It  obviously  contains  purpuric  acld,\ind  Dr  Prout 
thinks  it  probable  that  it  is  a  super-salt,  consisting  of  purpuric  and 
nitric  acids,  and  ammonia. 

Hosacie  Acid. — ^This  name  was  applied  by  Proust  to  a  peculiar  acid 

•pposed  to  exist  in  the  red  matter,  commonly  called  by   medical 

— •'•fitioners  the  lateritious  sediment,  which  is  deposited  from  the 

some  stages  of  fever.    From  the  experiments  of  Vogel,  it  ap- 

^e  uric  acid,  either  combined  with  an  alkali,  or  modified  by 


Animal  OUs  and  Fata.  503 

the  presoDce  of  animal  matter.  Dr  Prout  is  of  opinion  that  it  con- 
tains some  purpurate  of  ammonia ;  and,  as  he  has  detected  the  pie- 
aence  of  nitric  acid  in  the  urine  from  which  such  sediments  were  depo- 

nted,  he  thinks  it  probable  that  the  purpurate  may  be  generated  by 

he  reaction  of  the  uric  and  nitric  acids  on  each  other  in  the  urinary 

Passages. 
Formic  Add. — ^The  acid  extracted  from  ants  was  for  some  time 

lispected,  chiefly  on  the  authority  of  Fourcroy  and  Vauquelin,  to  be 
mixture  of  the  acetic  and  malic  acids ;  but  the  experiments  of  Suer- 

Ui,  Gehlen,  Berzelius,  and  Dobereiner  appear  to  leave  no  doubt  of 

•  being  a  distinct  compound.  In  volatility  and  odour,  it  does,  indeed, 
semble  the  acetic  acid ;  but  in  composition  it  is  entirely  different, 
ecording  to  the  analysis  of  the  formate  of  lead  by  Berzellus,  the 
,omic  weight  of  formic  acid  is  inferred  to  be  37 ;  and  it  is  composed 

*  carbon  12  parts  or  two  equivalents,  hydrogen  1  or  one  equivalent, 
id  24  parts  or  three  equivalents  of  oxygen.  It  hence  differs  from 
calic  acid,  only  in  containing  one  equivalent  of  hydrogen.  Accord- 
g  to  Dobereiner,  it  is  resolved  into  carbonic  oxide  and  water  by  the 
ition  of  strong  sulphuric  acid.  'The  same  ingenious  chemist  has 
tcceeded  in  preparing  formic  acid  artificially,  by  applying  a  gentle 
9at  to  a  mixture  of  tartaric  acid,  water,  and  peroxide  of  manganese. 
tie  tartaric  acid  is  converted  into  water,  carbonic  acid,  and  formic 
Bid.  (An.  of  Phil.  vol.  iv.  N.  S.  311.) 

Lactic  Acid, — The  existence  of  this  acid,  though  described  by  Ber- 
elius,  and  found  by  him  in  sour  milk  and  in  many  animal  fluids,  was 
tever  demonstrated  in  a  satisfactory  manner.  Berzelius  himself  now 
4mits  it  to  be  acetic  acid  disguised  by  animal  matter,  an  opinion  which 
s  confirmed  by^Tiedemann  and  Gmelin  in  their  experimental  Essay  on 
digestion.  (Die  Verdauung  nach  Vcrsuche.    Heidelberg,  1826.) 

The  amniotic  is  a  weak  acid  which  was  discovered  by  Buniva  and 
Vauquelin  in  the  liquor  of  the  amnios  of  the  cow,  from  which  it  is 
leposited  by  gentle  evaporation  in  the  form  of  white  acicular  crystals. 
It  is  very  sparingly  soluble  in  water,  but  yields  with  the  alkalies  solu- 
))e  compounds  which  are  decomposed  by  most  of  the  acids. 

Several  other  animal  acids,  such  as  the  stearic,  oleic,  margaric,  and 
ithers,  should  also  be  mentioned  here ;  but  as  they  are  closely  allied 
o  the  fatty  principles  from  which  they  are  derived,  they  will  be  more 
fODveniently  described  in  the  following  section. 


SECTION  III. 

OLEAQIATOUS  SUBSTAJ^CES. 

Animal  Oils  and  Fats. 

The  fatty  principles  derived  from  the  bodies  of  animals  are  very 
ftnaiogous  in  composition  and  properties  to  the  vegetable  fixed  oils ; 
and  in  Britain,  where  the  latter  are  comparatively  expensive,  the  for- 
Oier  are  employed,  both  for  the  purposes  of  giving  light,  and  for  tha 
manufacture  of  soap.  Their  ultimate  elements  are  carbon,  hydrogen, 
and  oxygen;  and  most  of  them,  like  the  fixed  oils,  consist  of  stearine 
and  ela'ine. 

From  a  curious  experiment  of  B^rard,  it  appears  that  a  substance 
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very  analogous  to  fat  may  be  made  artificially.  On  mixing  together 
one  measure  of  carbonic  acid,  ten  measares  of  carburetted  hydrogen, 
and  twenty  of  hydrogen,  and  transmitting  the  mixture  through  a  red> 
bot  tube,  several  white  crystals  were  obtained,  which  were  insoluble 
In  water,  soluble  in  alcohol,  and  fusible  by  heat  into  an  oily  fluid.  (An. 
of  Ph.  vol.  xii.  p.  41.)  Dobereiner  prepared  an  analogous  substance 
from  a  mixture  of  coal  gas  and  aqueous  vapour. 

TVain  Oil. — Train  oil  is  obtained  by  means  of  heat  from  the  blub- 
ber of  the  whale,  and  is  employed  extensively  in  making  oil  gas,  and 
for  burning  in  common  lamps.  It  is  generally  of  a  reddish  or  yellow 
colour,  emits  a  strong  unpleasant  odour,  and  has  a  considerable  degree 
of  viscidity,  properties  which  render  it  unfit  for  being  burned  in  Ar- 
gand  lamps,  and  which  are  owing  partly  to  the  heat  employed  in  its 
extraction,  and  partly  to  the  presence  of  impurities.  By  purification, 
indeed,  it  may  be  rendered  more  limpid,  and  its  odour  less  offensive ; 
but  it  is  always  inferior  to  spermaceti  oil. 

Spermaceti  oil  is  obtained  from  an  oily  matter  lodged  in  a  bony 
cavity  in  the  head  of  the  physeter  maerocephalust  or  spermaceti 
whale.  On  subjecting  this  substance  to  pressure  in  bags,  a  quantity 
of  pure  limpid  oil  is  expressed ;  and  the  residue,  after  being  melted, 
strained,  and  washed  with  a  weak  solution  of  potassa,  is  sold  under  the 
name  of  spermaceti, 

Jlnimal  Oil  of  Dippel. — This  name  is  applied  to  a  limpid  volatile 
oil,  which  is  entirely  different  from  the  oils  above  mentioned,  and  is 
a  product  of  the  destructive  distillation  of  animal  matter,  especially  of 
albuminous  and  gelatinous  substances.  When  purified  by  distillation, 
it  is  clear  and  transparent.  It  was  formerly  much  used  in  medicine, 
but  Is  now  no  longer  employed. 

Hogslard  and  Suet. — The  most  common  kinds  of  fat  are  hogslard 
and  suet,  which  differ  from  each  other  chiefly  in  consistence.  The 
latter,  when  separated  by  fusion  from  the  membrane  in  which  it  oc- 
curs, is  called  tallow,  which  is  extensively  employed  in  the  manufac- 
ture of  soap  and  candles.  Both  these  varieties  of  fat,  as  well  as  train 
and  spermaceti  oil,  consist  almost  entirely  of  stearine  and  ela'ine ;  and 
when  converted  into  soap,  undergo  the  same  change  as  the  fixed  oils, 
yielding  margaric  and  oleic  acids,  and  the  mild  principle  of  oils  called 
glycerine.  Stearic  acid  is  also  a  constituent  of  soap  made  from  these 
animal  fats. 

The  method  of  preparing  stearine  and  elaine  from  the  vegetable  oils 
has  already  been  detailed,  (page  451) ;  and  the  same  process,  which 
originated  with  M.  Braconnot,  is  also  applicable  to  hogslard.  The 
mode  by  which  M.  Chevreul  obtains  these  principles  is  by  treating 
hogslard  in  successive  portions  of  hot  alcohol.  The  spirit  in  cooling 
deposites  the  stearine  in  the  form  of  white  crystalline  needles,  which 
are  brittle,  and  have  the  aspect  of  wax,  fuse  readily  when  heated,  and 
are  insoluble  in  water.  The  alcoholic  solution,  when  evaporated, 
leaves  an  oily  fluid  which  is  elaine.  They  may  be  then  rendered 
quite  pure  by  re-solulion  in  boiling  alcohol.       / 

For  a  full  account  of  the  acids  generated,  during  the  formation  of 
soap,  by  the  action  of  alkaline  substances  on  oil  or  fat,  I  refer  to  the 
treatise  of  M.  Chevreul,  sur  les  Corps  Gras.  The  margaric  and  oleic - 
acids  are  best  prepared  from  soap  made  with  potassa  and  fluid  vegeta- 
ble oil.  This  soap,  afler  being  dried  as  much  as  possible,  is  treated  by 
successive  portions  of  cold  alcohol  of  specific  gravity  0.S21,  in  which 
the  oleate  of  potassa  is  soluble,  and  the  raargarate  insoluble.  The 
two  salts  being  thus  separated,  are  decomposed  by  means  of  an  acid. 

Margaric  acid,  so  named  from  its  pearly  lustre,  {fmm fitet^yct^trnf  a 
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pearl)  is  insoluble  in  water,  and  is  hence  precipitated  by  acids  from 
the  solution  of  its  salts..  It  is  abundantly  dissolved  by  hot  alcohol, 
and  is  deposited  from  the  saturated  solution,  in  cooling,  in  a  crystalline 
mass  of  a  pearly  lustre.  At  140°  F.  it  is  iiised,  and  shoots  into  brilliant 
white  acicular  crystals  as  it  cools.  It  has  an  acid  reaction,  and  its 
salts,  those  of  the  alkalies  excepted,  are  very  sparingly  soluble  ta 
water.  The  crystallized  acid  contains  8.4  per  cent  of  water,  and  the 
acid  itself  consists  of  79  parts  of  carbon,  12  of  hydrogen,  and  9  of 
oxygen. 

Oleic  acid  is  best  prepared  from  soap  made  with  linseed  oil  and  pp- 
tassa,  since  the  greater  part  of  it  consists  of  .oleate  of  potassa.  This 
salt  is  first  separated  from  the  margarate  of  potassa  by  cold  alcohol, 
and  the  oleic  acid  then  precipitated  from  an  aqueous  solution  of  the 
oleate  by  means  of  an  acid.  At  the  mean  temperature,  oleic  acid  is  a 
colpurless  oily  fluid,  which  congeals  when  it  is  cooled  to  near  zero. 
It  has  a  slightly  rancid  odour  and  taste,  and  reddens  litmus  paper.  Its 
specific  gravity  is  0.898.  It  is  insoluble  in  water,  but  is  dissolved  in 
every  proportion  by  alcohol.  Of  the  neutral  oleates  hitherto  examin- 
ed, those  of  soda  and  potassa  are  alone  soluble  in  water.  In  its  pure 
state,  it  contains  3.8  per  cent  of  water,  and  consists,  the  water  ab- 
stracted, of  80.94  parts  of  carbon,  11.36  of  hydrogen,  and  7.7  of 
oxygen. 

Stearic  Acid, — ^This  acid  is  best,  prepared  from  soap  made  with 
potassa  «nd  suet  or  hogslard,  and  exists  in  this  soap,  together  with 
margaric  and  oleic  acids.  The  soap  is  dissolved  in  6  times  its  weight 
of  warm  water,  then  mixed  with  40  or  60  parts  of  cold  water,  and  the 
mixture  set  aside  in  a  place  the  temperature  of  which  is  about  56°. 
A  precipitate  of  a  pearly  lustre  gradually  collects,  consisting  of  the  bi- 
margarate  and  bistearate  of  potassa,  which  are  to  be  collected  and 
well  washed  upon  a  filter.  The  two  salts  are  then  separated  by  re- 
peated solution  in  about  20  times  their  weight  of  bailing  alcohol,  from 
which  on  cooling  the  whole  of  the  bistearate  is  deposited,  while  part 
of  the  bimargarate  on  each  occasion  is  retained  in  solution.  The 
former  is  considered  pure,  when  the  stearic  acid,  separated  from  the 
potassa  by  means  of  another  acid,  requires  a  temperature  of  158°  F. 
for  fusion. 

Stearic  acid  is  very  similar  in  its  appearance  and  properties  to  mar- 
garic acid,  and  the  chief  ground  of  distinction  between  them  is  in  the 
latter  being  rather  more  fusible,  and  containing  rather  more  oxygen 
than  the  former. 

Sebade  Jieid.'—M.  Thenard  has  applied  this  name  to  an  add,  which 
is  obtained  by  the  distillation  of  hogslard  or  suet,  and  is  found  in  the 
recipient,  mixed  with  acetic  add  and  fat,  partially  decomposed.  It  is 
separated  from  the  latteif  by  means  of  boiling  water,  and  from  the  for- 
mer by  the  acetate  of  lead.  The  sebate  of  lead,  which  subsides,  is 
subsequently  decomposed  by  sulphuric  acid. 

The  sebacic  acid  reddens  litmus  paper,  dissolves  freely  in  alcohol, 
and  is  more  soluble  in  hot  than  in  cold  water.  It  melts  like  fat  when 
heated,  and  ciystallizes  in  small  white  needles  in  cooling.  It  is  not 
applied  to  any  use. 

Butyrine, — Butter  differs  from  the  common  animal  fats  in  contain- 
ing a  peculiar  oleaginous  matter,  which  is  quite  fluid  at  70°  F.  and  to 
which  M.  Chevreul  has  applied  the  name  of  butyrine.  When  con- 
verted into  soap,  it  jrields,  in  addition  to  the  usual  products,  three 
volatile  odoriferous  compounds,- namely,  the  bulyrie,  caproie  and  ca^ 
jnie  acids.  '   * 

Phocenine  is  a  peculiar  (atty  substance  contained  hi  the  oil  of  the 
Ss 
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porpoise  {delphinum  phoeeena)  mixed  with  elaine.  When  converted 
into  soap  it  yields  a  volatile  odoriferous  acid,  called  the phoeeni4:  acid. 
(Chevreul.) 

Bircine  is  contained  in  the  Tat  of  the  g^oat  and  sheep,  and  yields  the 
hircie  acid  when  converted  into  soap.  (Chevreal.) 

Other  acids,  more  or  less  analogous  to  those  above  described,  are 
formed  during  the  conversion  of  other  oleaginous  substances  into  soap. 
Thus  castor  oil  yields  three  acids,  to  which  MM.  Bussy  and  Lecana 
have  applied  the  names  of  mar garitie,  ricinic  and  elaiodie  acid.  The 
eevadie  acid  was  prepared  in  a  similar  manner  by  Pelletier  and  Caven- 
tou  from  oil  derived  from  the  seeds  of  the  Veratrura  sabadilla ;  and  the 
same  chemists  have  given  the  name  of  jairophie  acid  (more  pr9perly 
erotonic)  to  the  acid  of  the  soap  made  from  crotoh  oil.  Tliis  oil  is 
derived  from  the  seeds  of  the  Croton  tiglium. 

The  sweet  principle  of  oils,  the  glycerine  of  Chevreul,  was  dis- 
covered by  Scheele.  It  was  originally  obtained  in  the  formation  of 
common  plaster  by  boiling  oil  with  oxide  of  lead  and  a  little  water; 
and  Chevreul  found  that  it  is  produced  during  the  saponification  of 
fatty  substances  in  general.  In  preparing  soap  by  means  of  potassa, 
the  glycerine  is  left  in  the  mother  liquor;  and  on  neutralizing  the  free 
alkali  with  sulphuric  acid,  evaporating  to  the  consistence  of  syrup,  and 
treating  the  residue  with  alcohol,  it  is  dissolved.  The  alcoholic  solu- 
tion, when  evaporated,  yields  glycerine  in  the  form  of  an  uncrystalli- 
zable  syrup.  It  is  soluble  in  water  and  alcohol,  and  has  a  sweet  taste, 
but  is  not  susceptible  either  of  the  vinous  or  acetous  fermentation. 
According  to  the  analysis  of  Chevreul,  glycerine,  of  the  specific  gra- 
vity of  1.27,  contains  40.071  parts  of  carbon,  8.926  of  hydrogen,  and 
51.004  of  oxygen. 

Spermaceti. — This  inflammable  substance,  which  is  prepared  from 
the  spermaceti  whale  as  above  mentioned,  commonly  occurs  in  ciys- 
tallinc  plates  of  a  white  colour  and  silvery  lustre.  It  is  brittle,  and 
feels  soft  and  slightly  unctuous  to  the  touch.  It  has  no  taste,  and 
scarcely  any  odour.  It  is  insoluble  in  water,  but  dissolves  in  about 
thirteen  times  its  weight  of-  boiling  alcohol,  from  which  the  greater 
part  is  deposited  on  cooling  in  the  form  of  brilliant  scales.  It  is  still 
more  soluble  in  ether.  It  is  exceedingly  fusible,  liquefying  at  a  tem- 
perature which  is  distinctly  below  212°  F.  Digested  with  pure  pot- 
assa  it  is  converted  into  soap,  and  the  acid  then  generated  has  received 
from  M.  Chevreul  the  name  of  cetic  acid. 

The  spermaceti  of  commerce  always  contains  some  fluid  oil,  from 
which  it  may  be  purified  by  solution  in  boiling  alcohol.  To  the  white 
crystalline  scales  deposited  from  the  spirit  as  it  cools,  and  which  is 
spermaceti  in  a  state  of  perfect  purity,  M.  Chevreul  has  given  the  name 
of  eetine. 

Jidipocxre. — When  a  piece  of  fresh  muscle  is  expossd  for  some  time 
to  the  action  of  water,  or  is  kept  in  moist  earth,  the  fibrin  entirely  dis- 
appears, and  a  fatty  matter  called  adipocire  remains,  which  has  some 
resemblance  to  spermaceti.  The  fibrin  was  formerly  thought  to  be 
really  converted  into  adipocire ;  but  Gay-Lussac*  and  Chevreul  main- 
tain that  this  substance  proceeds  entirely  from  the  fat  originally  pre- 
sent in-the  muscle,  and  that  the  fibrin  is  merely  destroyed  by  putre- 
faction. Dr  Thomson  maintains,  however,  that  the  conversion  of 
fibrin  into  fat  does  not  occur  in  some  instances,  and  has  related  a  re- 
markable case  in  proof  of  his  opinion.  (Ann.  of  Phil.  vol.  zU.  p.  41.) 


*  An.  de  Ch.  et  de  Ph.  vol.  1v. 
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Aceording  to  M.  Chevreul,  the  adipocire  is  not  a  pure  fatty  principle, 
but  a  species  of  soap,  chiefly  consisting  of  margaric  acid  in  combina;- 
tion  with  ammonia  generated  during  the  decomposition  of  the  fibrm/ 

ChoUsterine* , — ^This  name  is  applied  by  M.  Chevreuf  to  the  crys- 
talline matter  which  constitutes  the  basis  of  most  of  the  biliary  con- 
cretions formed  in  the  human  subject.  Fourcroy,  regarding  it  as 
identical  with  spermaceti  and  the  fatty  matter  just  described,  compre- 
hended all  these  substances  under  the  general  appellation  of  adipocire ; 
but  M.  Chevreul  has  shown  that  it  is  a  distinct  Independent  principle, 
wholly  different  from  spermaceti. 

Cholesterine  is  a  white  brittle  solid  of  a  crystalline  lamellated 
structure,  and  brilliant  lustre,'  very  much  resembling  spermaceti ;  but 
it  is  distinguished  from  that  substance  by  requiring  a  temperature  of 
278°  F.  for  fusion,  and  by  not  being  convertible  into  soap  when  di- 
gested in  a  solution  of  potassa.  It  is  free  from'taste  and  odour,  and  is 
.  uisoluble  in  water.  It  dissolves  freely  in  boiling  alcohol,  from  which 
it  is  deposited  on  cooling  in  white  pearly  scales.  According  to  the 
analysis  of  Chevreul,  it  is  composed  of  85^095  parts  of  carbon,  11.88 
of  hydrogen,  and  3.025  of  oxygen. 

When  heated  with  its  own  weight  of  concentrated  nitric  acid,  cho- 
lesterine is  dissolved  with  disengagement  of  nitric  oxide  gas ;  and  in 
cooling  a  yellow  matter  precipitates,  an  additional  quantity  of  which 
may  be  obtained  by  dilution  with  water.  This  substance  possesses  the 
properties  of  acidity,  and  is  called  eholesteric  ^cid.  It  is  insoluble  in 
water,  but  dissolves  freely  in  alcohol,  especially  with  the  aid  of  heat. 
Its  taste  is  slightly  styptic,  and  its  odour  somewhat  like  that  of  butter; 
it  is  lighter  than  water,  and  fusible  at  136.6'^  F.  In  mass  it  is  of  an 
orange-yellow  tint ;  but  when  the  alcoholic  solution  is  evaporated 
spontaneously,  it  is  deposited  in  acicular  crystals  of  a  white  colour. 
It  reddens  litmus  paper,  and  neutralizes  alkaline  bases.  The  choles- 
terates  of  potassa  and  soda  are  deliquescent  and  very  soluble  in  water, 
but  insoluble  in  alcohol  and  ether.  The  cholesterates  of  the  earths 
and  other  metallic  oxides  are'  either  sparingly  dissolved  by  water  or 
altogether  insoluble.  Its  salts  are  precipitated  by  the  mineral  and 
most  of  the  vegetable  acids ;  but  are  not  decomposed  by  carbonic 
acid.  For  these  facts  respecting  the  formation  and  properties  of 
eholesteric  acid,  we  are  indebted  to  the  experiments  of  MM.  Pelletier 
find  Caventou.  (Journal  de  Pharmacie,  iii.  292.) 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of  several 
of  the  lower  animals,  such  as  the  ox,  dog,  pig,  and  bear.  This  inter- 
esting discovery  was  made  about  the  same  time  by  Chevreul  in  Paris, 
and  by  Tiedemann  and  Gmelin  in  Heidelburg.  M.  Lassaigne  has 
likewise  found  it  in  the  biliary  calculus  of  a  pig.  (An.  de  Ch.  et  de 
Ph.  vol.  xxxi.)  It  is  frequently  formed  in  parts  of  the  body  quite  un- 
connected with  the  hepatic  circulation,  and  appears  to  be  a  common 
product  of  deranged  vascular  action.  M.  Caventou,  in  the  Journal 
de  Pharmacie  for  October  1826,  states  that  the  contents  of  an  abscess, 
formed  under  the  jaw  apparently  in  consequence  of  a  carious  tooth, 
.  were  found  by  him  to  consist  almost  entirely  of  cholesterine.  In  the 
tiriic\e  ealcul  of  the  JVouveau  Diettonnaire  de  Medeeine,  M.  Breschet 
observes  that  cholesterine  has  been  found  in  cancer  of  the  intestines, 
and  in  the  fluid  of  hydrocele  and  ascites  in  the  human  subject ;  and 
adds  that  M.  Barruel  procured  it  in  large  quantity  from  an  ovarian  cyst 
in  a  mare,  and  in  the  fluid  drawn  off  from.the  ovary  of  a  woman,  and 
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fcfotam  of  a  mui.  M.  Bretchet  has  fooDd  it  also  in  a  tumour  under 
the  toogoe.  Dr  Cbristison  found  it  lately  in  the  fluid  of  hydrocele, 
fallen  from  a  patient  in  the  Royal  Infirmary  of  Edinburgh  by  the  late 
Dr  William  Cullen;  in  an  osseous  cyst  into  which  the  kidneys  of 
another  patient  were  converted ;  and  in  the  membranes  of  the  brain  of 
an  epileptic  patient. 

The  best  method  of  preparing  pure  cholesterine  is  to  treat  human 
biliary  concretions,  reduced  to  powder,  with  boiling  alcohol,  and  to 
filter  the  hot  solution  as  rapidly  as  possible.  As  the  liquid  cools,  the 
greater  part  of  the  cholesterine  subsides.  In  this  way  it  is  freed  from  the 
colouring  matter,  with  which  it  is  commonly  associated  in  the  gall- 
stone. 

Ambergris. — ^This  substance  is  found  floating  on  the  surface  of  the 
sea  near  the  coasts  of  India,  Africa,  and  Brazil,  and  is  supposed  to  be 
a  concretion  formed  in  the  stomach  of  the  spermaceti  whaie.  It  has 
commonly  been  regarded  as  a  resinous  principle ;  but  Its  chief  can- 
stituent  is  a  substance  very  analogous  to  cholesterine,  and  to  which 
Pelletier  and  Caventou  have  given  the  name  of  ambreine.  By  di- 
gestion in  nitric  acid,  ambreine  is  converted  into  a  peculiar  acid  called 
the  ambreic  add.  (An.  of  Phil.  vol.  zvi.) 


ON  THE  MORE  COMPLEX  ANIMAL   SUBSTANCES,  AND 
SOME  FUNCTIONS  OF  ANIMAL  BODIES. 


SECTION  I. 

OJV  TBE  BLOOD,  RESPIRATIOJf,  JU>rD  JStJflMAL 
HEAT. 

The  blood,  while  circulating  in  the  vessels  of  livins  animals,  is  fluid* 
and  of  a  florid  red  colour  in  the  arteries,  and  of  a  dark  purple  colour 
in  the  veins.  Its  taste  is  slightly  saline,  its  odour  peculiar,  and  to  the 
touch  it  seems  somewhat  unctuous.  Its  specific  gravity  is  variable, 
but  most  commonly  is  near  1.06,  and  in  man  its  temperature  is  about 
98°  or  100°  Fabr.  When  recently  drawn,  it  appears  to  the  naked  eye 
as  a  uniform  homogeneous  fluid ;  but  if  examined  witfai  a  microscope 
of  sufficient  power,  numerous  red  particles  of  a  globular  form  are  seen 
floating  in  a  colourlesa  fluid.  The  compound  nature  of  the  blood  is 
rendered  still  more  apparent  by  the  process  of  coagulation,  during 
which  it  separates  spontaneously  into  two  distinct  portions,  a  yellow- 
ish liquid  called  the  serum  of  the  blood,  and  a  red  solid,  known  by 
the  name  of  the  elot^  cruor,  or  erassamentum.  The  proportion  of 
these  parts  is  variable,  the  latter  being  more  abundant  in  healthy 
vigorous  animals,  than  in  those  which  have  been  debilitated  by  deple- 
tion, low  living,  or  disease. 

The  serum  is  somewhat  unctuous  to  the  touch,  of  a  saline  taste^  and 
of  slightly  alkaline  reaction,  owing  to  the  presence  of  a  little  free  so- 
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da.  Its  average  specific  gravity  is  aboat  1.029.  Lilce  other  albumi- 
nous liquids,  it  is  coagulated  by  heat,  acids,  alcohol,  and  all  other 
substauces  which  coagulate  albumen.  On  subjecting  the  coagulum 
prepared  by  heat  to  gentle  pressure,  a  small  quantity  of  a  colourless 
limpid  fluid,  called  the  setosity,  oozes  out,  which  contains  according 
to  Dr  Bostock  about  l-50th  of  its  weight  of  animal  matter,  together 
with  a  little  muriate  of  soda.  Of  this  animal  matter  a  portion  is  albu- 
men, which  may  easily  be  coagulated  by  means  of  galvanism;  but  a 
small  quantity  of  some  other  principle  is  present,  which  differs  both 
from  albumen  and  gelatin.  ( Medico- Chir.  Trans,  vol.  ii.  p.  166.) 

From  the  analysis  of  the  late  Dr  Marcet,  1000  parts  of  the  serum 
of  human  blood  are  composed  of  water  900  parts,  albumen  86.8,  mu- 
riates of  potassa  and  soda  6.6,  muco-extractive  matter  4,  carbonate  of 
soda  1.65,  sulphate  of  potassa  0.36,  and  of  earthy  phosphates  0.60. 
This  result  agrees  very  nearly  with  that  obtained  by  Berzelius,  who 
states  that  the  extractive  matter  of  Marcet  is  lactate  (acetate)  of  soda 
united  with  animal  matter.  (Medico- Chir.  Trans,  vol.  iii.  p.  231.) 

The  crassamentum  or  clot  of  the  blood  consists  of  two  parts,  the 
fibrin  and  colouring  principle.  The  latter  resides  in  distinct  particles, 
which,  according  to  Prevost  and  Dumas,  are  elliptical  in  birds  and 
cold-blooded  animals,  and  assume  the  globular  form  in  the  mammifer- 
ous  animals.  These  globules  are  insoluble  in  serum ;  but  their  colour 
is  dissolved  by  pure  water,  acids,  alkalies,  and  alcohol.  Much  uncer- 
tainty prevails  among  chemists  relative  to  the  cause  of  the  colour  of 
the  red  globules.  As  soon  as  the  blood  was  known  to  contain  iron, 
the  peroxide  of  which  has  a  red  tint,  the  colour  of  the  red  globules 
was  ascribed  to  the  presence  of  that  metal,  and  some  chemists  sup- 
posed it  to  be  in  the  form  of  the  subphosphate  of  iron.  This  opinion 
was  adopted  by  Fourcroy  and  Yauquelin,  who  even  affirmed  that  the 
phosphate  of  iron  may  be  dissolved  in  serum  by  means  of  an  alkali, 
and  that  the  colour  of  the  solution  is  exactly  similar  to  that  of  the 
blood. 

This  subject  was  investigated  in  the  year  1806  by  Berzelius,  who 
showed  that  the  subphosphate  of  iron  cannot  be  dissolved  in  serum, 
in  the  way  supposed  by  Fourcroy  and  Yauquelin,  except  in  very  mi- 
nute quantity;  and  that  this  salt,  even  when  rendered  soluble  by, 
phosphoric  acid,  communicates  a  tint  quite  different  from  that  of  the 
red  globules.  On  comparing  together  the  composition  of  the  three 
principal  ingredients  of  the  blood,  viz.  fibrin,  albumen,  and  colouring 
matter,  he  found  that  the  ashes  of  the  last  always  yielded  oxide  of 
iron  in  the  proportion  of  l-200th  of  the  original  mass,  while  the 
oxide  was  entirely  wanting  in  the  two  former.  From  this  it  was  a 
probable  inference,  that  iron  is  somehow  or  other  concerned  in  the 
production  of  the  red  colour ;  but  the  experiments  of  Berzelius  did 
not  make  known  the  state  iq  which  that  metal  exists  in  the  blood. 
He  could  not  detect  its  presence  by  any  of  the  liquid  tests.  (Medico- 
Chir.  Trans,  vol.  iii.  p.  218.) 

In  a  series  of  experiments  published  in  1812,  (Pbilos.  Trans.)  Mr 
Brande  obtained  results  quite  contrary  to  those  of  Berzelius.  He  de- 
tected i^on  in  the  ashes  of  the  serum  and  fibrin  as  well  as  those  of  the 
red  globules ;  and  in  each  it  was  present  in  such  minute  quantity,  that 
no  effect  as  a  colouring  agent  could  be  expected  from  it.  Mr  Brande 
supposed  that  the  tint  of  the  red  globules  is  produced  by  a  peculiar 
animal  colouring  principle,  capable,  like  other  substances  of  a  similar 
nature,  of  combining  with  metallic  oxides.  He  succeeded  in  obtain- 
ing a  compound  of  the  colouring  matter  of  the  blood  with  the  oxide 
of  tin ;  but  its  best  preeipitants  are  nitrate  of  mercury  and  corrosi' 
Ss  2 
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•ublioMte.    Woollen  cIoUm  impregnated  with  eilber  of  these  com- 
poiindfl,  on  being  dipped  into  an  aqueoua  aoluUon  of  the  colourinif  mat- 
ter* acquired  a  permanent  red  dye,  unchangeable  by  washins  with  8aap« 
The  conclusions  of  Brando,  reiatiye  to  the  presence  ofiron  in  the 
albumen  and  fibrin  of  the  blood  received  additional  support  from  tiie 
researches  of  YauqueUn;  (An.  de  Ch.  et  de  Ph.  vol.  i.)  but  the  ques- 
tion has  been  finally  decided  by  Dr  Engelhart,  a  young  German 
chemist  of  great  promise,  who  gained  the  prize  offered  in  the  year 
1825  by  the  Medical  Faculty  of  Gottingen  for  the  best  essay  on  the 
nature  of  the  colouring  matter  of  the  blood.  (Edinb.  Med.  and  Surg. 
Journal  for  Januaiy  1827.)    He  demonstrated  that  the  fibrin  and  albu- 
men of  the  blood,  when  carefully  separated  from  colouring  particles, 
do  not  contain  a  trace  of  iron ;  and  on  the  contraiy,  he  procured  iron 
from  the  red  globules  by  incineration.    But  he  has  likewise  succeed- 
ed in  proving  the  existence  of  iron  in  the  colouring  matter  of  the  blood 
by  the  liquid  tests ;  for,  on  transmitting  a  current  of  chlorine  gas 
through  a  solution  of  the  red  globules,  the  colour  entirely  disappear- 
ed, white  flocks  were  thrown  down,  and  a  transparent  solution  re- 
mained, in  which  the  peroxide  of  iron  was  discovered  by  all  the 
usual  reagents.    The  results  obtained  by  Dr  Engelhart  relative  to  the 
quantity  of  the  iron,  correspond  with  those  of  Berzelius.    These  fects 
have  been  since  confirmed  by  M.  Rose,  who  has  accounted  in  a  satis- 
factory manner  for  the  failure  -of  former  chemists  in  detecting  iron  in 
the  blood  while  in  a  fluid  state.    He  finds  that  the  oxide  of  iron  can- 
not be  precipitated  by  the  alkalies,  hydrosulphuret  of  ammonia,  or 
infusion  of  galls,  if  it  is  dissolved  In  a  solution  which  contains  albu- 
men or  other  soluble  organic  principles. 

From  the  presence  of  iron  in  the  red  globules,  and  its  total  ab- 
sence in  the  other  principles  of  the  blood,  it  is  probable  that  this  metal. 
Chough  its  quantity  does  not  exceed  one-half  per  cent,  is  essential  to 
the  production  of  the  red  colour.  The  experiments  of  Dr  Engelhart, 
however,  have  not  determined  the  manner  in  which  it  acts,  nor  in 
what  state  it  exists  in  the  blood,  though  it  is  most  probably  in  the 
form  of  an  oxide.  It  is  a  singular  coincidence  that  the  sulphocyanic 
acid,  which  forms  with  the  peroxide  of  iron  a  colour  exactly  like  that 
of  venous  blood,  has  been  detected  in  the  saliva.  The  existence  of 
this  acid  in  the  blood  itself  is.  therefore,  a  circumstance  by  no  means 
improbable. 

Dr  Engelhart  is  likewise  the  first  chemist  who  has  procured  the 
colouring  matter  of  the  blood  in  a  state  of  perfect  purity.  The  me- 
thod formerly  recommended  is  that  of  Berzelius,  whose  process  con- 
sists in  allowing  the  clot,  cut  into  thin  slices,  to  drain  as  much  as  pos- 
sible on  bibulous  paper,  triturating  it  with  water,  and  then  evaporatmg 
the  solution  at  a  temperature  not  exceeding  122°  F.  As  thus  prepar- 
ed, the  colouring  matter  retains  all  its  properties,  but  is  mixed  with  a 
little  serum.  The  method  ofDr  Engelhart  is  founded  on  the  fact, 
that  serum,  when  much  diluted,  does  not  coagulate  by  heat,  while 
the  red  particles  are  coagulated,  and  fall  down  in  the  form  of  brown 
flocks.  Serum  diluted  with  ten  parts  of  water,  does  not  coagulate  at 
160°  F. ;  but  the  colouring  matter,  dissolved  in  fifty  parttf  of  water, 
begins  to  coagulate  at  149°  F. 
The  colouring  particles,  when  prepared  in  this  way,  are  no  longer 
,  of  a  bright  red  colour,  and  their  nature  is  somewhat  modified,  in  con- 
sequence of  which  they  are  insoluble  in  water.  When  half  dried, 
they  form  a  brownish*red,  granular,  friable  mass ;  and  when  completely 
dried  at  a  temperature  between  167°  and  190°,  the  mass  is  tough,  bard, 
brilliant,  black  with  reflected,  and  garnet-red  with  transmitted  Ugfat. 
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Except  in  their  iDsolubility,  they  have  all  the  properties  of  the  red 
particles  obtained  by  the  method  of  Berzelius.  The  caustic  alkalies 
with  the  aid  of  heat  dissolve  them  entirely,  and  the  solution  acquires 
a  dark  blood-red  colour. 

The  fibrin  of  the  blood  may  easily  be  obtained  in  a  pure  state  by 
washing  the  clot  in  cold  water  until  the  colouring  matter  is  entirely 
removed.  While  circulating  in  the  animal  body,  it  is  either  in  a  fluid 
state,  or  suspended  in  the  serum  in  the  form  of  minute  colourless 
globules ;  but  when  removed  from  the  vessels  and  set  at  rest,  it  be- 
comes solid  in  the  course  of  a  few  minutes,  giving  rise  to  what  is 
called  the  coagulation  of  the  blood.  The  time  required  for  coagula- 
tion is  influenced  by  temperature,  being  promoted  by  heat,  and  retard- 
ed by  cold.  Dr  Scudamore  finds  that  blood  which  begins  to  coa- 
gulate in  four  minutes  and  a  half  In  an  atmosphere  of  53°  F.  under- 
goes the  same  change  in  two  minutes  and  a  half  at  98° ;  and  that 
which  coagulates  in  four  minutes  at  98°  will  l>ecome  solid  in  one 
minute  at  120°.  On  the  contrary,  blood  which  coagulates  firmly  in 
five  minutes  at  60°  will  remain  quite  fluid  for  twenty  minutes  at  the 
temperature  of  40°,  and  requires  upwards  of  an  hour  for  complete 
coagulation.  (Scudamore  on  the  Blood.) 

The  process  of  coagulation  is  influenced  by  exposure  to  the  air.  If 
atmospheric  air  be  excluded,  as  by  filling  a  bottle  completely  with  re- 
.cently  drawn  blood,  and  closing  the  orifice  with  a  good  stopper,  coa- 
gulation is  retarded.  It  is  singular,  however,  that  if  blood  be  confined 
within  the  exhausted  receiver  of  an  air-pump,  the  coagulation  is  acce- 
lerated. (Scudamore.)  * 

Recently  drawn  blood,  owing  doubtless  to  its  temperature,  is  known 
to  give  off*  a  portion  of  aqueous  vapour,  which  has  a  peculiar  odour, 
indicative  of  the  presence  of  some  peculiar  principle,  but  in  which 
nothing  but  water  can  be  detected.  Physiologists  are  not  agreed  upon 
the  question  whether  the  act  of  coagulation  is  or  is  not  accompanied 
with  the  disengagement  of  gaseous  matter.  In  the  experiments  of 
Vogel,  Brande,  and  Scudamore,  blood  coagulating  in  the  vacuum  of 
an  air-pump  was  found  to  emit  carbonic  acid,  and  Dr  Scudamore  even 
inferred  that  the  evolution  of  this  gas  constitutes  an  essential  part  of 
the  process.  Other  experimentalists,  however,  have  obtained  a  dif^ 
ferent  result.  Dr  John  Davy  and  Dr  Duncan,  jun.  failed  in  their  at- 
tempts to  procure  carbonic  acid  from  blood  during  coagulation ;  and 
Dr  CbristisoQ.  in  an  experiment  performed  two  years  ago  in  my  labo- 
ratory, and  at  which  I  was  present,  was  not  more  successful.  These 
facts  appear  conclusive  against  the  opinion  of  Dr  Scudamore,  and  they 
receive  additional  weight  from  the  consideration,  that  the  appearance 
of  carbonic  acid  Jn  the  experiments  above  mentioned,  might  easily 
have  been  occasioned  by  casual  exposure  to  the  atmosphere  previous 
to  the  blood  being  placed  under  the  receiver. 

Coagulation  is  influenced  by  the  rapidity  with  which  the  blood  is 
removed  from  the  body.  Dr  Scudamore  observed,  that  blood  slowly 
drawn  from  a  vein  coagulates  more  rapidly  than  when  taken  in  a  full 
stream. 

Experiments  are  still  wanting  to  show  the  influence  of  different 
gases  on  coagulation.  Oxygen  gas  accelerates  coagulation,  and  car- 
bonic acid  retards,  but  cannot  prevent  it. 

Caloric  is  evolved  during  the  coagulation  of  the  blood.  The  late 
Dr  Gordon  estimated  the  rise  of  the  thermometer  at  six  degrees ;  and 
Dr  Davy,  on  the  other  hand,  regards  the  increase  of  temperature  from 
this  cause  as  very  slight.  Dr  Scudamore  finds  that  the  rate  at  which 
blood  cools  is  distinctly  slQwer  than  it  would  be  were  no  caloric  dis- 
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engafced,  and  be  obaenred  the  thermometer  to  rise  one  degree  at  the 
commencement  of  coagulation. 

Some  substances  prevent  the  coagulation  of  the  blood.  This  effect 
is  produced  by  a  saturated  solution  of  muriate  of  soda,  muriate  of 
ammonia,  or  nitre,  and  a  solution  of  potassa.  The  coagulation,  on  the 
contrary,  is  promoted  by  alum,  and  the  sulphates  of  zinc  and  copper. 
The  blood  of  persons  who  have  died  a  sudden  violent  death,  by  some 
kinds  of  poison,  or  from  mental  emotion,  is  usually  found  in  a  fluid 
state.  Lightning  is  said  to  have  a  similar  effect ;  but  Dr  Scudamore 
declares  this  to  be  an  error.  Blood,  through  which  electric  discharges 
were  transmitted,  coagulated  as  quickly  as  that  which  was  not  elec- 
trified ;  and  in  animals  killed  by  the  discharge  of  a  powerful  galvanic 
battery,  the  blood  in  the  veins  was  always  found  in  a  solid  state. 

The  cause  of  the  coagulation  of  the  blood  has  been  the  subject  of 
much  speculation  to  physiologists.  The  tendency  of  this  fluid  to 
preserve  the  liquid  form  while  contained  in  a  living  animal,  cannot  be 
ascribed  to  the  motion  to  which  it  is  continually  subject  within  the 
vessels.  It  is  a  familiar  fact,  that  blood,  though  continually  stirred  out 
of  the  body,  is  not  prevented  from  coagulating;  and  it  has  been  no- 
ticed, that  the  coagulation  of  blood,  which  is  set  at  rest  within  its 
proper  vessels  by  the  application  of  ligatures,  or  which  has  been  ac- 
cidentally extravasated  within  the  body,  is  materially  retarded.  It 
has,  indeed,  been  hitherto  found  impossible  to  account  in-a  satisfactory 
manner  for  the  blood  retaining  its  fluidity  from  the  influence  of  motion, 
temperature,  or  the  operation  of  any  physical  or  chemical  laws ;  and, 
consequently,  it  is  generally  ascribed  to  the  agency  of  the  vital  prin- 
ciple. The  blood  is  supposed  either  to  be  endowed  with  a  principle 
of  vitality,  or  to  receive  from  the  living  parts  with  Which  it  is  in  con- 
tact a  certain  vital  impression,  which,  together  with  constant  motion, 
counteracts  its  tendency  to  coagulate. 

The  clot  of  blood  drawn  from  an  individual  in  a  state  of  health  is 
red  throughout  its  whole  substance,  because  the  fibrin  coagulates  be- 
fore the  red  globules  have  had  time  to  subside.  In  inflammatory  dis- 
eases, on  the  contrary,  the  blood  undergoes  a  peculiar  change,  in 
consequence  of  which  the  red  globules  sink  to  the  bottom  before  the 
fibrin  has  become  solid,  and  thus  leave  the  upper  surface  of  the  latter 
of  its  natural  pale  colour.  This  appearance  is  fi^miliarly  known  by  the 
name  of  buffy  coat.  Its  formation  must  obviously  depend  either  on 
the  coagulation  being  unusually  slow,  so  that  the  red  globules  have 
full  leisure  to  subside  ;  or  on  the  coagulation  taking  place  in  the  ordi- 
nary period,. while  the  red  globules  subside  with  unusual  rapidity.  The 
nature  of  the  change  which  ^ives  rise  to  the  bufiy  coat  is  altogether 
unknown. 

Respiration. 

When  venous  blood  is  brought  into  contact  with  atmospheric  air, 
its  surface  passes  from  a  dark  purple  to  a  florid  red  colour,  oxygen  dis- 
appears, and  carbonic  acid  gas  is  emitted.  These  changes  take  place 
more  speedily  when  air  is  agitated  with  blood  ;  they  are  still  more  rapid 
when  pure  oxygen  is  substituted  for  atmospheric  air;  and  they  do  not 
occur  at  all  when  oxygen  is  entirely  excluded.  It  is  hence  inferred 
that  the  process  of  arterializaiion,  as  it  is  called,  or  the  conversion 
of  venous  into  arterial  blood,  depends  entirely  on  the  presence  of  oxy- 
gen. It  is  also  presumed  that  the  alternating  shades  of  colour  are 
caused  by  the  red  particles  ^ndergomg  certain  chemical  changes,  the 
nature  of  which,  however,  is  at  present  quite  inexplicable. 
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The  same  changes  that  occar  out  of  the  body  are  continuany  taking 
place  within  it  J^uriog  respiration,  venous  blood  fs  exposed  in  the 
lungs  to  the  agency  of  the  air,  and  islirteriaIized,.oxygen  gas  disap- 
pears, and  carbonic  acid  is  evolved ;  and  it  is  remarkable  that  these 
phenomena  ensue  not  only  during  life,  but  even  after  death,  provided 
the  respiratory  proces^  be  preserved  artificially.  Since,  therefore,  the 
essential  phenomena  of  arterializatioo,  according  to  the  best  data  we 
possess,  are  the  same  in  a  living  and  in  a  dead  animal,  and  whether 
the  blood  is  or  is  not  contained  in  the  body,  it  seems  quite  legitimate 
to  infer,  that  this  process  is  not  necessarily  dependent  on  the  vital 
principle,  but  is  solely  determined  by  the  laws  of  chemical  action.  ^ 

In  studying  the  subject  of  respiration,  the  first  object  is  to  determine 
the  precise  change  produced  in  the  constitution  of  the  air  which  is  in- 
haled. Dr  Black  was  the  first  to  notice  that  the  air  exhaled  from  the 
lungs  contains  a  considerable  quantity  of  carbonic  acid,  which  maybe 
detected  by  transmission  through  lime-water.  Priestley,  some  years 
after,  observed  that  air  is  rendered  unfit  for  supporting  flame  or  animal 
life  by  the  process  of  respiration,  from  which  it  was  probable  that  oxy- 

Sen  is  consumed ;  and  Lavoisier  subsequently  established  the  fact,  that 
urine  respiration  oxygen  gas  disappears,  and  carbonic  acid  is  disen- 
gaged. The  chief  experimentalists  who  have  since  cultivated  this  de- 
partment of  chemical  physiology  are  Priestley,  Scheele,  Lavoisier, 
Seguin,  Crawford,  Goodwin,  Davy,  Ellis,  Allen  and  Pepys,  Edwards 
and  Despretz.  Of  these,  the  results  obtained  by  Messrs  Allen  and 
Pepys,*  and  Dr  Edwards,t  are  the  most  conclusive  and  satisfactory, 

*  their  researches  having  been  conducted  with  great  care,  and  aided  by 
aU  the  resources  of  modern  chemistry. 

One  of  the  chief  objects  of  Messrs  Allen  and  Pepys,  in  their  experi-, 
ments,  was  to  ascertain  if  any  uniform  relation  exists  between  the 
oxygen  consumed  and  the  carbonic  acid  evolved.  They  found  in  ge- 
neral that  the  quantity  of  the  former  exceeds  that  of  the  latter;  but  a? 
the  difference  was  very  trifling,  they  inferred  that  the  carbonic  acid  of 
the  expired  air  is  exactly  equal  to  the  oxygen  which  disappears.  The 
experiments  of  Dr  Edwards  were  attended  with  a  remarkable  result, 
which  accounts  very  happily  for  some  of  the  discordant  statements  of 
preceding  inquirers.  He  found  the  ratio  between  the  gases  to  vary 
with  the  animal.  In  some  animals  it  might  be  regarded  as  nearly  equal ; 
while  in  others  the  loss  of  oxygen  considerably  exceeded  the  gain  of 
carbonic  acid,  so  that  the  respired  air  suffered  a  material  diminution  in 
volume.  With  respect  to  the  human  subject,  the  statement  of  Allen 
and  Pepys  seems  very  near  the  truth. 

The  quantity  of  oxygen  withdrawn  from  the  atmosphere,  and  of 
carbonic  acid  disengaged,  is  variable  in  different  individuals,  and  in 
the  same  individual  at  different  times.  It  is  estimated  by  Allen  and 
Pepys,  that  in  every  minute  during  the  calm  respiration  of  a  healthy 
man  of  ordinary  stature,  26.6  cubic  inches  of  carbonic  acid  of  the 

'  temperature  of  60°  F.  are  emitted,  and  an  equal  volume  of  oxygen 
withdrawn  from  the  atmosphere.  From  these  data  it  has  been  cal- 
culated, that  in  an  interval  of  twenty-four  hours  not  less  than  eleven 
ounces  of  carbon  are  given  off  from  the  lungs  alone, — an  estimate 
which  must  surely  be  inaccurate,  the  quantity  being  so  great  as  some- 
times to  exceed  the  weight  of  carbon  contained  in  the  food.  From 
the  observations  of  Dr  Prout,  it  appears  that  the  quantity  of  carbonic 
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•dd  emitted  from  the  longs  U  variable  at  particular  periods  of  the 
dsyf  and  in  particular  states  of  the  system.  It  is  more  abundant  da- 
ring the  day  than  the  night ;  about  day-brealc  it  begins  to  increase, 
continues  to  do  so  till  about  noon,  and  then  decreases  until  sunset. 
During  the  night  it  seems  to  remain  uniformly  at  a  minimum ;  and 
the  maximum  quantity  given  off  at  noon,  exceeds  the  minimum  by 
about  one-fifth  of  the  whole.  The  quantity  of  carbonic  acid  is  di- 
minished by  any  debilitating  causes,  such  as  low  diet,  depressing  pas- 
sions, and  the  like.  (Ann.  of  Phil.  vol.  xiii.  p.  269.)  The  experiments 
of  Dr  Fyfe,  published  in  his  Inaugural  Dissertation,  are  confirmatory 
of  those  above  mentioned. 

Messrs  Allen  and  Pepys  have  shown  that  the  atmospheric  air,  when 
drawn  into  the  lungs,  returns  charged  in  the  succeeding  expiration 
with  from  8  to  8.6  per  cent  of  carbonic  acid  gas.  They  found  also, 
that  when  an  animal  is  confined  in  the  same  quantity  of  air,  death 
ensues  before  all  the  oxygen  is  consumed ;  that  when  the  same  por- 
tion of  air  is  repeatedly  respired  until  it  can  no  longer  support  life,  it 
then  contains  only  10  per  cent  of  carbonic  acid. 

Although  in  respiration  the  arterialization  of  the  blood  by  means  of 
free  oxygen  is  the  essential  change,  without  the  due  performance  of 
which  the  life  of  warm-blooded  animals  cannot  be  preserved  bejrond 
a  few  minutes,  and  which  is  likewise  necessary  to  the  lowest  of  the 
insect  tribe,  it  is  important  to  determine  whether  the  nitrogen  of  the 
atmosphere  has  any  influence  in  the  function.  The  results  of  difierent 
inquirers  differ  considerably.  In  the  experiments  of  Priestley,  Davy, 
Humboldt,  Henderson,  and  Pfaff,  there  appeared  to  be  absorption  of 
nitrogen,  a  less  quantity  of  that  gas  being  exhaled  than  was  inspired. 
Nysten,  Berthollet,  and  Despretz,  on  the  contrary,  remarked  an  In- 
crease in  the  bulk  of  the  nitrogen  ;  and  from  the  researches  of  Seguin 
and  Lavoisier,  Vauquelin,  Ellis,  Dalton,  and  Spallanzani,  it  was  in- 
ferred that  there  is  neither  absorption  nor  exhalation  of  nitrogen,  the 
3uantity  of  that  gas  undergoing  no  change  during  its  passage  tbrougfa 
le  air  cells  of  the  lungs.  Messrs  Allen  and  Pepys  arrived  at  a  similar 
conclusion;  and^since  the  appearance  of  their  Csssay,  the  opinion  has 
prevailed  very  generally  among  physiologists,  that  in  respiration  the 
nitrogen  of  the  air  is  altogether  passive. 

The  facts  ascertained  by  Dr  Edwards  relative  to  this  subject-  are 
novel  and  of  peculiar  interest.  This  acute  physiologist  has  reconciled 
the  discordant  results  of  preceding  experimenters,  by  showing  diat» 
during  the  respiration  even  of  the  same  aniipal,  the  quantity  of  nitro- 
gen may  one  while  be  increased,  at  another  time  diminished,  and  at 
a  third  wholly  unchanged.  He  has  traced  these  phenomena  to  the 
influence  of  the  seasons ;  and  he  suspects,  as  indeed  is  most  probable, 
th4t  other  causes,  independently  of  season,  have  a  share  in  their  pro- 
duction. In  nearly  all  the  lower  animals  which  were  made  the  sub- 
jects of  experiment,  an  augmentation  of  nitrogen  was  observable 
during  summer.  Sometimes,  indeed,  it  was  so  slight  that  it  might  be 
disregarded.  But  in  many  other  instances,  it  was  so  great  as  to  place 
the  fact  beyond  the  possibility  of  doubt ;  and  on  some  occasions,  it 
almost  equalled  the  whole  bulk  of  the  animal.  Such  continued  to 
be  the  result  of  Ris  inquiries  until  the  close  of  October,  when  he  ob- 
served a  sensible  diminution  of  nitrogen,  and  the  same  continued 
throughout  the  whole  of  winter  and  the  beginning  of  spring. 

Theve  are  two  modes  of  accounting  for  these  phenomena.  Accord- 
ing to  one  view,  the  nitrogen  which  disappears  is  ascribed  to  the  ab- 
sorption of  what  was  inhaled,  and  Its  increase  to  ^direct  exhalation, 
the  opposite  processes  of  absorption  and  exhalation  being  supposed 
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not  to  occur  at  the  same  moment.  According  to  the  other  view, 
both  these  processes  are  always  going  on  at  the  same  time,  and  the 
result  depends  on  the  preponderance  of  on^  over  the  other.  When 
the  absorption  prevails,  a  smaller  quantity  of  nitrogen  is  exhaled  than 
was  inspired ;  when  the  exhalation  exceeds  the  absorption,  an  increase 
of  nitrogen  takes  place  ;  but  when  the  absorption  and  exhalation  are 
equal,  the  bulk  of  the  inspired  air,  so  far  as  nitrogen  is  concerned, 
does  not  undergo  any  change.  The  latter  opinion,  which  is  adopted 
by  Dr  Edwards,  is  supported  by  two  decisive  experiments  performed 
by  Messrs  Allen  and  Pepys,  in  one  of  which  a  guinea-pig  was  confined 
in  a  vessel  of  oxygen  gas,  and  in  the  other  in  an  atmosphere  composed 
of  21  measures  of  oxygen  and  79  of  hydrogen.  In  both  cases  the 
residual  air  contained  a  quantity  of  nitrogen  greater  than  the  hulk  of 
the  animal  itself;  and  in  the  last  a  portion  of  hydrogen  had  disappeared. 
From  this  it  follows  that  nitrogen  may  be  exhaled  from  the  lungs,  and 
that  hydrogen  may  be  absorbed. 

Two  theories  have  been  proposed  in  order  to  account  for  the  phe- 
nomena of  respiration.  Aqcording  to  one  theory,  the  carbonic  acid 
found  in  the  respired  air  is  actually  generated  in  the  lungs  themselves ; 
while,  according  to  the  other,  this  gas  is  thought  to  exist  ready  form- 
ed in  the  blood,  and  to  be  merely  thrown  off  from  that  liquid  during  its 
distribution  through  the  lungs. 

The  former  theory,  which  appears  to  have  originated  with  Priestley, 
has  received  several  modifications.  Priestley  imagined  that  the  phe- 
nomena of  respiration  are  owing  to  the  disengagement  of  phlogiston 
from  the  blood,  and  its  combination  with  the  air.  Dr  Crawford  modi- 
fied this  doctrine  in  the  following  manner.  (Crawford  on  Animal 
Heat.)  He  was  of  opinion  that  venous  blood  contains  a  peculiar  com- 
pound of  carbon  and  hydrogen,  termed  hydrocarbon,  the  elements  of 
which  unite  in  the  lungs  with  the  oxygen  of  the  air,  forming  water 
with  the  one,  and  carbonic  acid  with  the  other ;  and  that  the  blood, 
thus  purified,  regains  its  florid  hue,  and  becomes  fit  for  the  purposes 
of  the  animal  economy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable  to  the 
objection  that  the  supposed  hydrocarbon,  as  respects  the  blopd,  is  quite 
imaginary,  but  was  found  at  variance  with  the  leading  facts  established 
by  Messrs  Allen  and  Pepys.  By  the  elaborate  researches  of  these 
chemists,  it  was  established  that  carbonic  acid  gas  contains  its  own  vo- 
lume of  oxygen ;  and  they  also  concluded  that  air,  inhaled  into  the  lungs, 
returns  charged  with  a  quantity  of  carbonic  acid,  almost  exactly  equal 
in  bulk  to  the  oxygen  which  disappears,  an  inference  which,  as  ap- 
plied to  man  and  some  of  the  lower  animals,  seems  very  near  the 
truth.  A  review  of  these  circumstances  induced  them  to  adopt  the 
opinion,  that  the  oxygen  of  the  ui  combibes  in  the  lungs  exclusively 
with  carbon ;  and  that  the  watery  vapour,  which  is  always  contained  in 
the  breath,  is  an  exhalation  from  minute  pulmonary  vessels.  They 
conceived  that  the  fine  animal  membrane  interposed  between  the 
blood  and  the  air  does  not  prevent  chemical  action  from  taking  place 
between  them. 

This  view  has  been  further  modified  by  Mr  Ellis,  who  supposes  that 
the  carbon  is  separated  from  the  venous  blood  by  a  process  of  secre- 
tion, and  that  then,  coming  into  direct  contact  with  oxygen,  it  is  con- 
verted into  carbonic  acid.  (Inquiry,  &c.  Parts  I.  and  II.) 

The  circumstance  which  led  JVlr  Ellis  to  this  opinion,  was  a  disbe- 
lief in  the  possibility  of  oxygen  acting  upon  the  blood  through  the 
animal  membrane  in  which  it  is  confined.  The  experiments  adduced 
in  proof  of  the  impermeability  of  membranous  substances  are  not. 
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however,  qaite  nitisfactory ;  while,  on  the  coDtrary,  the  facts  noticed  by 
•everal  accurate  observers,  appear  to  leave  no  doubt  that  moist  animal 
membranes,  even  in  the  living  body,  are  in  some  way  or  other  permea- 
ble to  substances  in  a  gaseous  form.* 

According  to  the  second  theory,  which  was  supported  by  La  Grange 
and  Hassenfratz,  and  has  lately  been  adopted  by  Dr  Edwards,  carbonic 
acid  generated  during  the  course  of  the  circulation,  is  given  off  from 
the  venous  blood  in  the  lungs,  and  oxygen  gas  is^  absorbed.  This 
doctrine,  though  generally  regarded  hitherto  as  less  probable  than  the 
preceding,  is  supported  by  very  powerful  arguments.  The  experiments 
and  observations  ofDr  Edwards  seem  to  leave  no  doubt  that  the  blood, 
while  circulating  through  the  lungs,  is  capable  of  absorbing  hydrogen, 
nitrogen,  and  oxygen  gases,  and  of  emitting  nitrogen ;  and  he  has 
gone  very  far  towards  proving  that  the  carbonic  acid  is  derived  from 
the- same  source.  On  confining  frogs  and  snails  for  some  time  in  an 
atmosphere  of  hydrogen,  the  residual  air  was  foun^'  to  contain  a 
quantity  of  carbonic  acid,  which  was  in  some  instances  even  greater 
than  the  bulk  of  the  animal ;  and  a  similar  result  was  obtained  with 
young  kittens. 

The  confined  limits  of  the  present  work  do  not  admit  of  an  exam* 
ination  into  the  respective  advantages  and  disadvantages  of  these  two 
theories.  I  shall  merely  observe,  therefore,  that,  in  the  present  staee 
of  the  inquiry,  the  deficiency  of  precise  data  prevents  the  establish- 
ment of  one  of  them  in  preference  to  the  other ;  but  that  the  arguments 
preponderate  in  favour  of  the  last.  « 

The  conversion  of  venous  into  arterial  blood  appears  not  to  be  con- 
fined to  the  lungs.  The  disengagement  of  carbonic  acid  from  the 
surface  of  the  skin,  and  the  corresponding  disappearance  of  oxyeen 
gas  was  demonstrated  by  the  experiments  of  Jurine  and  Abemethy ; 
and  although  the  accuracy  of  their  results  has  been  doubted  by  some 
persons,  it  has  been  connrmed  by  others.  However  this  may  be  in 
the  human  subject,  the  fact  with  respect  to  many  of  the  lower  animals 
is  unquestionable.  Spallanzani  proved  that  some  animals  possessed 
of  lungs,  such  as  serpents,  lizards,  and  frogs,  produce  the  same  changes 
on  the  air  by  means  of  their  skin,  as  by  their  proper  respiratory  organs ; 
and  Dr  Edwards,  in  a  series  of  masterly  experiments,  has  shown  that 
this  function  compensates  so  fully  for  the  want  of  respiration  by  the 
lungs,  as  to  enable  these  animals,  in  the  winter  season,  to  live  for  an 
almost  unlimited  period  under  the  surface  of  water* 

Animal  Heat. 

The  striking  analogy  between  the  processes  of  combustion  and  res- 
piration, in  both  of  which  oxygen'  gas  disappears,  and  an  oxidized 
body  is  substituted  for  it,  led  Dr  Black  to  infer  that  the  caloric  gene- 
rated in  the  animal  system,  by  means  of  which  the  more  perfect  ani- 
mals preserve  their  temperature  above  that  of  the  surrounding  medium, 
is  derived  from  the  changes  going  forward  in  the  lungs.  But  this  opi- 
nion is  not  founded  on  analogy  alone ;  many  circumstances  conspire 
to  show  that  the  development  of  animal  heat  is  dependent  on  the 
function  of  respiration,  although  the  mode  by  which  the  effect  is 
produced  has  not  hitherto  been  satisfactorily  determined.    Thus,  in 

^  *  See  some  judicious  remarks  on  this  subject  In  the  Essay  on  Respi- 
ration and  Animal  Heat,  by  Dr  Williams,  in  the  Medico-Chir.  Trans- 
of  Edinburgh,  vol.  ii. 
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all  ftDimals,  whose  respiratory  organs  are  small  and  imperfect,  and 
wbicli,  therefore,  consume  but  a  compa'ratiyely  minute  quantity  of  ox- 
ygen, and  generate  little  carbonic  acid,  the  temperature  of  the  blood 
varies  with  that  of  the  medium  in  which  they  live.  In  warm-blooded 
animals,  on  the  contrary,  in  which  the  respiratory  apparatus  is  larger, 
and  the  chemical  changes  more  complicated,  the  temperature  is  almost 
uniform ;  and  those  have  the  highest  temperature  whose  lungs,  in  pro- 
portion to  the  size  of  their  bodies,  are  largest,  and  which  consume  the 
greatest  quantity  of  oxygen.  The  temperature  of  the  same  animal  at 
different  times  is  connected  with  the  state  of  the  respiration.  When 
the  blood  circulates  sluggishly,  and  the  temperature  is  low,  the  quan- 
tity of  oxygen  consumed  is  comparatively  small ;  but,  on  the  contrary, 
a  large  quantity  of  that  gas  disappears  when  the  circulation  is  brisk, 
and  me  power  of  generating  heat  energetic.  It  has  also  been  ob- 
served, especially  by  Crawford  and  De  Laroche,^  that  when  an  animal 
is  placed  in  a  very  warm  atmosphere,  so  as  to  require  little  heat  to  be 
generated  within  his  own  body,  the  consumption  of  oxygen  is  un- 
usually small,  and  the  blood  within  the  veins  retains  the  arterial  cha- 
racter. 

The  connection  between  the  power  of  generating  heat,  and  respira- 
tion has  been  illustrated  in -a  very  pointed  manner  by  Dr  Edwards. 
Some  young  animals,  such  as  puppies  and  kittens,,  require  so  small  a 
quantity  of  oxygen  for  supporting  life»  that  they  may  be  deprived  of 
that  gas  altogether  for  twenty  minutes  without  material  injury ;  and  it 
is  remarkable  that  so  long  as  they  possess  this  property,  the  tempera- 
ture of  their  bodies  sinks  rapidly  by  free  exposure  to  the  air.  But  as 
they  grow  older  they  become  able  to  maintain  their  own  tempera- 
ture, and  at  the  same  time  their  power  to  endure  the  privation  of  oxy- 
gen ceases.  The  same  observation  applies  to  young  sparrows,  and 
other  birds  which  are  naked  when  hatched ;  while  young  partridges, 
which  are  both  fledged  and  able  to  retain  their  own  temperature  at 
the  period  of  quitting  the  shell,  die  when  deprived  of  oxygen  as 
rapidly  as  an  adult  bird. 

The  first  consistent  theory  of  the  production  of  animal  heat  was 
proposed  by  Dr  Orawford.  This  theory  was  founded  on  the  assump- 
tion that  the  carbonic  acid  contained  in  the  breath  is  generated  in  the 
lungs,  and  that  its  formation  is  accompanied  with  the  disengagement 
of  caloric.  But  since  the  temperature  of  the  lungs  is  not  higher  than 
that  of  other  internal  organs,  and  arterial  very  little  if  at  all  warmer 
then  venous  blood*  it  follows  that  the  greater  part  of  the  caloric,  in- 
stead of  becoming  freoj  must  in  some  way  or  other  be  rendered  insen- 
sible. Accordingly,  on  comparing  the  specific  caloric  ofarterlal  and 
venous  blood,  Dr  Crawford  found  the  capacity  oT  the  former  to  exceed 
that  of  the  latter  in  the  ratio  of  1030  to  892.  He,  therefore,  inferred 
that  the  dark  blood  within  the  veins,  at  the  moment  of  being  arterializ- 
ed,  acquires  an  increase  of  insensible  caloric  ;  and  that  while  circulat- 
ing through  the  body,  and  gradually  resuming  the  venous  character, 
it  suffers  a  diminution  of  capacity,  and  evolves  a  proportional  degree 
of  heat. 

Unfortunately  for  the  hypothesis  of  Crawford,' one  of  the  leading 
facts  on  which  it  is  founded  has  been  called  in '  question  ;  Dr  Davy 
maintaining,  on  the  authority  of  his  own  experiments,  that  there  is 
little  or  no  difference  between  the  capacities  of  venous  and  arterial 
blood.  (Philos.  Trans,  for  1814.)  If  this  be  true,  the  hypothesis  it- 
self necessarily  falls  to  the  ground.  One  part  of  the  doctrine  of 
Crawford  may,  however,  in  a  modified  form,  be  applied  to  the  theory 
of  respiration  advocated  by  Dr  Edwards.  For  if  oxygen  be  tbeorbed  by 
Tt 
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the  blood  iD  its  passage  throi^h  the  lungs,  and  carbonic  acid,  ready 
formed,  be  emitted  in  return,  it  follows  that  this  gas  must  be  generat- 
ed during  the  course  of  the  circulation ;  and  It  may  be  inferred,  that  the 
heat  developed  in  consequence  of  this  chemical  change,  is  at  once 
communicated  to  the  adjacent  organs.  In  this  way  the  question  con- 
cerning the  capacity  of  the  blood  for  caloric  may  be  entirely  disregard- 
ed. 

While  some  physologists  have  been  disposed  to  refer  the  source  of 
animal  heat  entirely  to  the  alternate  changes  of  venous  to  arterial, 
and  of  arterial  to  venous  blood  ;  others  have  denied  its  agency  alto- 
gether, ascribing  the  evolution  of  caloric  solely  to  the  influence  of  the 
nervous  system.  The  chief  foundation  for  this  opinion  is  in  the  ex- 
periments of  Mr  Brodie,  who  inflated  the  lungs  of  animals  recently 
killed  by  narcotic  poisons  or  divisions  of  the  spinal  marrow.  (Phil. 
Trans,  for  1811  and  1812.)  In  an  animal  so  treated,' the  blood  con- 
tinued to  circulate,  the  phenomena  of  arterialization  took  place  with 
regularity,  oxygen  gas  disappeared,  and  carbonic  acid  was  evolved; 
hut  notwithstanding  the  concurrence  of  all  these  circumstances,  the 
temperature  fell  with  equal  if  not  greater  rapidity  than  in  another  ani- 
mal killed  at  the  same  time,  but  in  which  artificial  respiration  was  not 
performed. 

Were  these  experiments  rigidly  exact,  they  would  lead  to  the  opinion 
that  no  caloric  is  evolved  by  the  mere  process  of  arterialization.  This 
inference,  however,  cannot  be  admitted  for  two  reasons : — first,  be- 
cause other  physiologists,  in  repeating  the  experiments  of  Brodie,  have 
found  that  the  process  of  cooling  is  retarded  by  artificial  respiration ; 
and,  secondly,  because  it  is  difficult  to  conceive  why  the  formation  of 
carbonic  acid,  which  uniformly  gives  rise  to  increase  of  temperature  in 
other  cases,  should  not  be  attended,  within  the  animal  body,  with  a 
similar  effect.  It  may  hence  be  inferred,  that  this  is  one  of  the  sources 
of  animal  heat.  It  is  certain,  however,  that  the  heat  of  animals  can- 
not be  maintained  by  the  sole  process  of  arterialization.  Consistently 
with  this  fact,  the  researches  of  Dulongand  Despretz  agree  in  proving 
in  oppositio^n  to  the  results  obtained  by  Lavoisier  and  Crawford,  that 
a  healthy  animal  imparts  to  surrounding  bodies  a  quantity  of  heat  con- 
siderably greater  than  can  be  accounted  for  by  the  combustion  of  the 
carbon  thrown  off  during  the  same  interval  from  the  lungs,  in  the  form 
of  carbonic  acid.  (Ann.  de  Ch.  et  Ph.  xxvi.) 

Though  the  influence  of  the  nervous  system  over  the  development 
of  animal  beat  is  no  longer  doubtful,  physiologists  are  not  agreed  as 
to  the  mode  by  which  it  operates.  Its  action  may  either  be  direct  or 
indirect ;  that  is,  the  nerves  may  possess  some  specific  power  of  gen- 
erating heat,  or  they  may  excite  certain  operations  by  which  the  same 
effect  is  occasioned.  It  is  far  from  improbable,  that  the  nerves  act 
more  by  the  latter  than  the  former  mode ;  that  the  infinite  number  of 
chemical  phenomena  going  on  in  the  minute  arterial  branches  during 
the  processes  of  secreUon  and  nutrition,  processes  which  are  entirely 
dependent  on  the  nervous  system,  are  attended  with  disengagement 
of  caloric.  This  view  has,  at  least,  been  ably  defended  by  Dr 
Williams  in  the  essay  to  which  I  have  already  referred. 
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SECTION  II. 

OJV  THE    SECRETED   FLUIDS   SUB8ERVIEJVT   TO 
niGESTIOJ>r, 

Saliva.     Pancreatic  and  Gastric  Juices. 

Saliva. — The  saliva  is  a  slightly  viscid  liquor,  secreted  by  the  sali- 
vary glands.  When  mixed  with  distilled  water,  a  flaky  matter  sub- 
sides, which  is  mucus,  derived  apparently  from  the  lining  membrane 
of  the  mouth.  The  clear  solution,  when  exposed  to  the  agency  of 
galvanism,  yields  a  coagulum,  and  is  hence  inferred  by  Mr  Brande  to 
contain  albumen ;  but  the  quantity  of  this  principle  is  so  very  small 
that  its  presence  cannot  be  demonstrated  by  any  other  reagent.  The 
greater  part  of  the  animal  matter  remaining  in  the  liquid  is  peculiar  to 
the  saliva,  and  may  be  termed  salivary  mailer.  It  is  soluble  in  water, 
insoluble  in  alcohol,  and,  when  freed  from  the  accompanying  salts,  is 
not  precipitated  by  subacetate  of  lead,  corrosive  sublimate,  or  infusion 
of  nut-galls.  The  saliva  likewise  contains  a  small  quantity  of  animal 
matter,  which  is  soluble  both  in  alcohol  and  water,  and  which  is  sup- 
posed by  Tiedemann  and  Gmelin  to  be  osmazome. 

The  solid  contents  of  the  saliva,  according  to  Berzelius,  do  not  ex- 
ceed 7  in  1000  parts,  the  rest  being  water.  From  the  recent  analysis 
of  Tiedemann  and  Gmelin,  the  chief  saline  constituent  is  muriate  of  po- 
tassa ;  but  several  other  salts,  such  as  the  sulphate,  phosphate,  acetate, 
carbonate,  and  sulphocyanate  of  potassa,  are  likewise  present  in  small 
quantity.  The  saliva  of  the  human  subject,  according  to  the  same 
authority,  contains  very  little  soda.  The  property  which  the  saliva 
possesses  of  striking  a  red  colour  with  a  per-salt  of  iron  is  owing  to 
the  sulphocyanate  of  potassa.  This  salt  exists  also  in  the  saliva  ofthe 
sheep ;  but  it  has  not  been  found  in  that  of  the  dog.  The  saliva  of 
the  sheep  contains  so  much  carbonate  of  soda,  that  it  effervesces  with 
acids. 

The  only  known  use  of  the  saliva  is  to  form  a  soft  pulpy  mass  with 
the  food  during  mastication,  so  as  to  reduce  it  into  a  state  fit  for  being 
swallowed  with  facility,  and  for  being  more  readily  acted  on  by  the 
juices  of  the  stomach. 

Concretions  are  sometimes  found  in  the  salivary  glands  and  ducts. 
A  stone  contained  in  the  salivary  gland  of  an  ass  was  found  by  M. 
Caventou  to  contain  91.6  parts  of  carbonate  of  lime,  4.8  of  phosphate 
of  lime,  and  3.6  of  animal  matter.  A  salivary  concretion  of  a  horse 
was  found  by  M.  Henry,  jun.  to  consist  of  carbonate  of  lime  85.62, 
carbonate  of  magnesia  7.56,  phosphate  of  lime  4.40,  and  2.48  of  animal 
matter.  Carbonate  of  lime  is  the  chief  ingredient  of  salivary  con- 
cretions. 

Pancreatic  Juice. — This  fluid  is  commonly  supposed  to  be  analo- 

g»us  to  the  saliva,  but  it  appears  from  the  analysis  of  Tiedemann  and 
melin  that  it  is  essentially  different.  The  chief  animal  matters  are 
albumen,  and  a  substance  like  curd ;  but  it  also  contains  a  small 
quantity  of  salivary  matter  and  osmazome.  It  reddens  litmus  paper, 
owing  to  the  presence  of  free  acid,  which  is  supposed  to  be  the 
acetic.    Its  salts  are  nearly  the  same  as  those  contained  in  the  saliva, 


520  Gastric  Juice. 

•leept  (bat  the  sulpboeyanic  acid  is  wanting.  Tlie  uses  of  this  fluid 
are  entirely  unknown. 

txostrie  Juice, — The  gastric  juice  collected  from  the  stomach  of  an 
animal  killed  while  fasting,  is  a  transparent  fluid  which  has  a  saline 
taste,  and  has  neither  an  acid  nor  alkaline  reaction.  During  the  pro- 
cess of  digestion,  on  the  contrary,  it  is  found  to  be  distinctly  acid. 
Thus  free  muriatic  acid  was  detected  under  these  circumstatnces  by 
Dr  Prout*  in  the  stomach  of  the  rabbit,  hare,  horse,  calf,  and  dog  ; 
and  he  has  discovered  the  same  acid  in  the  sour  matter  ejected  from 
the  stomach  of  persons  labouring  under  indigestion,  a  fact  which  has 
since  been  confirmed  by  Mr  Children.  Messrs  Tiedemann  and 
Gmelm  have  observed  that  the  secretion  of  acid  commences  as  soon 
as  the  stomach  receives  the  stimulus  of  food  or  any  foreign  body. 
This  eflect  is  occasioned,  for  example,  by  the  presence  of  flint  stones 
or  other  indigestible  matters ;  but  it  is  produced  in  a  still  greater  degree 
by  sutatances  of  a  stimulating  nature.  According  to  their  observa- 
tion, the  acidity  is  owing  to  the  secretion  of  free  muriatic  and  acetic 
acids. 

The  gastric  juice  coagulates  milk,  and  it  is  generally  supposed  to 
produce  this  effect  quite  independently  of  the  presence  of  an  acid. 
According  to  the  experiments  of  Spallanzani  and  Stevens,  it  is  highly 
antiseptic,  not  only  preventing  putrefaction,  but  rendering  meat  fresh 
after  it  is  tainted.  But  of  all  the  properties  of  the  gastric  juice,  its 
solvent  virtue  is  the  most  remarkable,  being  that  on  which  depends 
the  first  stage  of  the  process  of  digestion.  When  the  food  is  intro- 
duced into  the  stomach,  it  is  there  intimately  mixed  with  the  gastric 
juice,  by  the  agency  of  which  it  is  dissolved,  and  converted  into  a 
semi-fluid  matter  called  chyme.  That  this  change  is  really  owing  to 
the  solvent  power  of  the  gastric  juice  fully  appears  from  the  researches 
of  Spallanzani,  Reaumur,  and  Stevens.  In  the  experiments  of  Dr 
Stevens,  described  in  his  Inaugural  Dissertation,  the  common  articles 
of  food  were  enclosed  in  hollow  silver  spheres  perforated  with  holes, 
and  after  remaining  for  some  time  within  the  stomach,  completely 
protected  from  pressure  and  trituration,  the  alimentary  substances  were 
found  to  have  been  entirely  dissolved.  A  similar  effect  takes  place 
when  nutritious  matters,  out  of  the  body,  are  mixed  with  the  gastric 
fluid,  and  the  mixture  is  exposed  to  a  temperature  of  100^  Fahr.  So 
great,  indeed,  is  the  solvent  power  of  this  fluid,  that  it  has  been  known 
to  dissolve  the  coats  of  the  stomach  itself;  at  least  the  corrosions  of 
this  organ  sometimes  witnessed  in  persons  who  have  died  suddenly 
while  lasting,  and  in  good  health,  were  ascribed  by  the  celebrated 
physiologist,  John  Hunter,  to  this  cause. 

No  department  of  chemical  physiology  is  more  obscure  than  that  of 
digestion.  There  appears  so  little  connection  between  the  properties 
and  composition  of  the  gastric  juice,  that  physiologists  are  quite  at  a 
loss  in  what  way  to  account  for  its  solvent  power.  An  attempt  has 
lately  been  made  by  Tiedemann  and  Gmelin  to  explain  the  phenomena 
on  chemical  principles.  They  ascribe  its  solvent  action  to  the  dilute 
muriatic  and  acetic  acids,  which  they  maintain  to  be  always  secreted 
during  the  digestive  process,  and  which,  according  to  their  observation, 
are  capable  of  dissolving  most  or  all  of  the  substances  employed  as  food. 
They  have  not  shown,  however,  that  the  gastric  juice  in  its  neutral 
state,  or  when  neutralized  by  an  alkali,  is  devoid  of  solvent  properties. 
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a  circumstance  which  requires  investigatioQ  before  a  decisive  opinion 
can  be  formed  of  the  accuracy  of  their  views. 

Bile  and  Biliary  Concretions. 

The  bile  is  a  yellow  or  greenish-yetlow  coloured  fluid,  of  a  peculiar 
fiickening  odour,  and  of  a  taste  at  first  sweet  and  then  bitter,  but 
exceedingly  nauseous.  Its  consistence  is  variable,  being  sometimes 
limpid,  but  more  commonly  viscid  and  ropy.  It  is  rather  denser  than 
water,  and  may  be  mixed  with  that  liquid  in  every  proportion.  It 
contains  a  minute  quantity  of  free  soda,  and  is,  therefore,  slightly  alka- 
line; but  owing  to  the  colour  of  the  bile  itself,  its  action  on  test  paper 
is  scarcely  visible. 

Of  the  chemists  who  have  of  late  years  investigated  the  composition 
of  the  bile,  Thenard,  Berzelius,  and  Tiedemann  and  Gmelin  deserve 
particular  mention.  In  an  elaborate  essay  published  in  the  Memoires 
d'AreueiXy  vol.  i.  Thenard  endeavoured  to  show,  that  the  bile  of  the  ox 
consists  of  three  distinct  animal  principles,  a  yellow  colouring  matter, 
a  species  of  resin,  and  a  peculiar  substance,  to  which,  frohi  its  sweetish- 
hitter  taste,  he  applied  the  name  of  picromel.  According  to  his  analy- 
sis, 800  parts  of  bile  consist  of  water  700  parts,  resin  15,  picromel  69, 
yellow  matter  about  4,  soda  4,  phosphate  of  soda  2,  muriates  of  soda 
and  potassa  3.5,  sulphate  of  soda  0.8,  phosphate  of  lime  and  perhaps 
magnesia  1.2,  and  a  trace  of  the  oxide  of  iron.  He  supposed  the  resin 
to  be  combined  with  the  picromel  and  soda,  and  ascribes  its  solubility 
in  water  to  this  cause. 

Berzelius  takes  a  totally  different  view  of  the  constitution  of  the 
bile.  He  denies  that  this  fluid  contains  any  resinous  principle,  and 
regards  the  yellow  matter,  resin,  and  picromel  of  Thenard,  as  one  and 
the  same  substance,  to  which  he  applies  the  name  of  biliary  matter, 
(Medico-Chir.  Trans,  vol.iii.)  Tiedemann  and  Gmelin,  however,  in 
their  recent  work  on  digestion,  admit  the  existence  of  picromel  and 
resin  as  the  chief  constituents  of  bile;  although  it  appears  from  their 
experiments  that  the  substance  describied  by  Thenard  as  picromel,  was 
not  pure,  but  contained  a  portion  of  resin.  According  to  the  analysis 
of  these  chemists,  the  bile  of  the  ox  is  a  very  complex  duid,  consisting 
of  the  following  ingredients :— water  to  the  extent  of  91 .5  per  cent ;  a 
volatile  odoriferous  principle;  cholesterine;  resin;  asparagin;  picro- 
mel; yellow  colouring  matter;  a  peculiar  azotized  substance,  soluble 
in  water  and  alcohol ;  a  substance  which  is  soluble  in  hot  alcohol,  but 
insoluble  in  water,  supposed  to  be  gliadine ;  osmazome ;  a  principle 
which  emits  a  urinous  odour  when  heated ;  a  substance  analogous  to 
albumen  or  caseous  matter ;  and  mucus.  The  salts  of  the  bile  are  the 
margarate,  oleate,  acetate,  cholate,  bicarbonate,  phosphate,  sulphate, 
and  muriate  of  soda,  together  with  a  little  phosphate  of  lime.  TIm 
eholic  is  a  peculiar  animal  acid»  which  crystallizes  in  needles,  reddens 
litmus  paper,  and  is  distinguished  from  analogous  compounds  by  hav- 
inga  sweet  taste* 

The  flaky  precipitate  which  is  occasioned  by  adding  acids  to  bile 
from  the  ox,  consists  of  several  substances.  At  first  the  caseous  and 
colouring  matters,  along  with  mucus,  are  thrown  down ;  and,  after- 
wards, the  margaric  acid,  and  a  compound  of  picromel  and  resin  with 
the  acid  employed,  are  precipitated.  When  acetate  of  lead  is  mixed  with 
this  fluid,  a  white  precipitate  falls,  which  consists  of  the  oxide  of  lead 
combined  with  the  phosphoric,  sulphuric,  and  several  other  acids,  to- 

gither  with  a  small  quantity  of  the  compound  of  picromel  and  resin, 
n  adding  subacetate  of  lead  to  the  clear  liquid,  a  copious  precipitate 
Tt  2 
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.  coiisbtiDg  chfefly  of  pieromet,  rario,  and  oxide  of  lead.  If 
(hit  compoand  U  suspended  in  water,  through  which  a  current  of  sul- 
phoretted  hydrogen  gas  is  transmitted,  the  sulpburet  of  lead  and  the 
resin  subside,  while  the  picromel  remains  in  solution.  By  collecting 
and  drying  the  precipitate,  and  digesting  it  in  alcohol,  the  resin  is  dis- 
•olred,  and  may  l>e  obtained  by  evaporation.  The  aqueous  solution, 
when  evaporated,  yields  the  picromel  of  Thenard ;  but  according  to 
TIedemann  and  Gmelin,  it  still  contains  a  portion  of  resin.  The  chief 
dlfflcuhr,  indeed,  of  preparing  pure  picromel  arises  from  its  tendency 
to  dissolve  the  resin ;  and  the  only  mode  of  separation  is  by  throwing 
them  down  repeatedly  by  means  of  subacetate  of  lead.  By  this  pro- 
cess, the  affinity  of  the  picromel  and  resin  for  each  other  is  gradually, 
iosaened,  until  at  length  the  separation  is  rendered  complete. 

Pure  picromel  occurs  in  opake  rounded  crystalline  particles,  is  solu- 
ble in  water  and  alcohol,  but  is  insoluble  in  ether.  Its  taste  is  sweet 
without  any  bitterness ;  but  it  cannot  be  regarded  as  a  species  of  sugar, 
because  a  large  quantity  of  nitrogen  enters  into  its  composition.  Its 
aqueous  solution  is  not  precipitated  by  acids,  or  by  the  acetate  and 
subacetate  of  lead.  When  digested  with  (he  resin  of  the  bile,  a  por- 
tion of  the  latter  is  dissolved,  and  a  solution  is  obtained,  which  has 
both  a  bitter  and  sweet  taste,  and  yields  a  precipitate  with  subacetate 
of  lead  and  the  stronger  acids.  This  is  the  compound  which  causes 
the  peculiar  taste  of  the  bile. 

The  bile  of ,  the  human  subject  has  not  been  studied  so  minutely  as 
that  of  the  ox.  According  to  Thenard,  It  consists,  besides  salts,  of 
water,  colouring  matter,  albumen,  and  a  species  of  resin.  M.  Cbe- 
vallier  has  since  detected  picromel,  and  M.  Chevreul,  cholesterine,  in 
human  bile;  and  both  these  discoveries  have  been  confirmed ^  by  the 
observations  of  Tiedemann  and  Gmelin. 

^  The  derangement  which  takes  place  in  the  system  when  the  secre- 
tion of  bile  or  its  passage  into  the  intestines  is  arrested,  is  a  sufficient 
indication  of  the  importance  of  this  fluid*  It  acts  as  a  stimulus  to  the 
intestinal  canal  generally,  and  produces  on  the  chyme  some  peculiar 
change,  which  is  essential  to  its  conversion  into  chyle. 

Biliary  Calculi. — The  concretions  which  are  sometimes  formed  in 
the  human  gall-bladder  have  been  particularly  examined  by  Fourcroy, 
Thenard,  and  Chevreul.  Fourcroy  found  that  they  consist  chiefly  of 
a  peculiar  fatty  matter,  resembling  spermaceti,  which  he  has  included 
under  the  name  of  adipoeire  (page  506;)  and  the  experiments  of 
Thenard  tended  to  confirm  this  view.  According  to  M.  Chevreul, 
however,  biliary  concretions  In  general  are  composed  of  the  yellow 
colouring  matter  of  the  bile  and  cholesterine,  the  latter  predominating, 
and  being  sometimes  in  a  state  of  purity;  and  I  have  had  frequent 
opportunities  of  satisfying  myself  of  the  accuracy  of  this  observation*. 
These  substances  may  easily  be  separated  from  each  other  by  boiling 
alcohol,  which  dissolves  the  cholesterine  and  leaves  the  colouring  mat- 
ter; or  by  digestion  in  dilute  potassa,  In  which  the  colouring  matter  is 
dissolved,  and  the  cholesterine  insoluble. 

Gall-stones  sometimes  contain  a  portion  of  Inspissated  bile ;  and  in 
some  rare  Instances  the  cholesterine  is  entirely  wanting. 

The  concretions  found  in  the  gall-bladder  of  the  ox  consist  almost 
entirely  of  the  yellow  biliary  colouring  matter,  which,  from  the  beauty 
■ad  permanence  of  its  tint,  is  much  valued  by  painters.    This  sub- 


*  See  an  interesting  case  of  gall-stone  described  by 
the  Sdiabuii^  Medical  and  Surgical  Journal  for  1824. 
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■lance  is  readily  diitinguUhed  by  its  yellow  or  brown  colour,  by  in- 
solubility in  water  and  alcohol,  and  by  being  readily  dissolved  by  a  so- 
lution of  potassa.  The  aolution  has  at  first  a  yellowish-brown  colour, 
which  gradually  acquires  a  green  tint,  and  is  precipitated  in  green 
flocks  by  muriatic  acid.  According  to  the  observation  of  Tiedemann 
and  Gmelin,  the  colouring  matter  is  influenced  by  the  presence  of 
oxygen  gas.  The  yellowish  precipitate,  occasioned  by  adding  muri- 
atic acid  to  bile,  absorbs  oxygen  by  exposure  to  the  air,  and  its  colour 
changes  to  green.  The  action  of  nitric  acid  is  still  more  remarkable. 
By  successive  additions  of  this  acid,  the  tint  of  the  colouring  mat- 
ter may  be  converted  into  green,  blue,  violet,  and  red,  in  the  course 
of  a  few  seconds. 

Erythrogen,—Thia  substance  was  discovered  in  1821  by  M.  Bizio 
of  Venice,  in  a  peculiar  fluid,  quite  ditferent  from  bile,  which  was  found 
in  the  gall-bladder  of  a  person  who  had  died  of  jaundice.  It  is  of  a 
green  colour,  transparent,  tasteless,  and  of  the  odour  of  putrid  fish. 
It  is  unctuous  to  the  touch,  may  be  scratched  or  cut  with  facility,  and 
has  a  specific  gravity  of  1.57.  It  does  not  affect  the  colour  of  litmus 
or  turmeric  paper.  At  110''  F.  it  fuses,  having  the  appearance  of  oil,^ 
and  crystallizes  when  slowly  cooled ;  and  at  122^  F.  it  rises  in  the 
form  of  vapour.  It  is  insoluble  in  water  and  ether,  but  is  dissolved 
readily  by  hot  alcohol ;  and  the  solution,  by  partial  evaporation  and 
cooling,  yields  crystals  in  the  form  of  rhomboidal  parallelopipedons. 

When  erythrogen  is  put  into  nitric  acid  of  the  temperature  of  about 
120**  or  liO''  Fahr.  its  green  tint  disappears,  effervescence,  owing  to 
the  escape  of  oxygen  gas,  ensues,  and  the  solution  acquires  a  deep 
purple  colour.  A  similar  phenomenon  takes  place,  with  disengage- 
ment of  hydrogen  gas,  when  erythrogen  is  digested  in  a  solution  of 
ammonia ;  and  when  volatilized  in  the  open  air,  it  yields  a  purple 
coloured  vapour.  M.  Bizio  is  of  opinion  that  the  erythrogen,  under 
all  these  circumstances,  unites  with  nitrogen,  and  that  the  product  is 
identical  with  the  colouring-  matter  of  the  blood.  The  production  of 
the  red  compound  is  characteristic  of  erythrogen,  and  suggested  the 
name  by  which  this  substance  is  designated  (Egudgoc,  ruber,) 
(Journal  of  Science,  vol.  xvi.) 

Erythrogen  has  not  been  discovered  either  in  bile  or  in  any  of  the 
animal  fluids. 


SECTION  III. 

CHYLE,    MJLK,    EGGS. 

Chyle, — The  fluid  absorbed  by  the  lacteal  vessels  from ,  the  small 
intestmes  during  the  process  of  digestion,  is  known  by  the  name  of 
chyle.  Its  appearance  varies  in  different  animals ;  but  as  collected 
from  the  thoracic  duct  of  a  mammiferous  animal  three  or  four  hours  ■ 
after  a  meal,  it  is  a  white  opake  fluid  like  milk,  having  a  sweetish  and  . 
slightly  saline  taste.  In  a  few  minutes  after  removal  from  the  duct,  it 
becomes  solid,  and  in  the  course  of  twenty-four  hours  separates  into 
a  firm  coagulum,  and  a  limpid  liquid,  which  may  be  called  the  serum 
of  the  chyle.  The  coagulum  is  an  opake  white  substance,  of  a  slightly 
pink  hue.  Insoluble  in  water,  but  soluble  easily  in  the  alkalies  and 


Vegetabh 
Food, 

;   jlnimal 

Food. 

93.6 

89.2 

0.6 

0.8 

4.6 

4.7 

0.4 

4.6 

a  trace 

— 

atraca 

a  trace 

0.8 

0.7 

100.0 

100.0 

524  MUk. 

ftlkaiioe  carbonates.  Vaaquelin*  resards  it  as  fibrin  in  an  imperfect 
state,  or  as  intermediate  between  that  principle  and  albumen;  but 
Mr  Brandef  considers  it  more  closely  allied  to  the  caseous  matter  of 
milk  than  to  fibrin. 

The  serum  of  chyle  is  rendered  turbid  by  heat,  and  a  few  flakes  of 
albumen  are  deposited ;  but  when  boiled  after  being  mixed  with  acetic 
acid,  a  copious  precipitation  ensues.  To  this  substance,  which  thus 
differs  slightly  from  albumen,  Dr  Prout  has  applied  the  name  of  incip- 
tent  albumen.  The  same  chemist  has  made  a  comparative  analysis 
of  the  chyle  of  two  dogs,  one  of  which  was  fed  on  animal  and  the 
other  on  vegetable  substances,  and  the  result  of  bis  inquiry  is  as  fol- 
lows : — (Annals  of  Philos.  vol.  xiii.  p.  25.) 


Water, 

Fibrin, 

Incipient  albumen?  

Albumen,  with  a  little  red  colouring  matter. 

Sugar  of  milk  ?  

Oily  matter, a  trace 

SaUne  matters,  .... 


MUe, — ^This  well  known  fluid,  secreted  by  the  females  of  the  class 
mammalia  for  the  nourishment  of  their  young,  consists  of  three  dis- 
tinct parts,  the  cream,  curd,  and  whey,  into  which  by  repose  it  spon- 
taneously separates.  The  cream,  which  collects  upon  its  surface,  is 
an  unctuous,  yellowish-white  opake  fluid,  of  an  agreeable  flavour. 
According  to  Berzelius,  100  parts  of  cream,  of  specific  gravity  1.0244, 
consist  ofbutter  4.5,  caseous  matter  3.5,  and  whey  92.  By  agitation, 
as  in  the  process  of  churning,  the  butter  assumes  the  solid  form,  and 
is  thus  obtained  in  a  separate  state.  During  the  operation  there  is  an 
increase  of  temperature  amounting  to  about  three  or  four  degrees, 
oxygen  gas  is  absorbed,  and  an  acid  is  generated ;  but  the  absorption 
of  oxygen  cannot  be  an'  essential  part  of  the  process,  since  butter 
may  be  obtained  by  churning,  even  when  atmospheric  air  is  entirely 
excluded. 

After  the  cream  has  separated  spontaneously,  the  milk  soon  becomes 
sour,  and  gradually  separates  into  a  solid  coagulum  called  curd,  and  a 
limpid  fluid  which  is  whey.  This  coagulation  is  occasioned  by  free 
acetic  acid,  and  it  may  be  produced  at  pleasure  either  by  adding  a 
free  acid,  or  by  means  of  the  fluid  known  by  the  name  of  rennet^ 
which  is  made  by  infusing  the  inner  coat  of  a  calfs  stomach  in  hot 
water.  When  an  acid  is  emj^yed,  the  curd  is  found  to  contain  some 
of  it  in  combination,  and  may,  therefore,  be  regarded  as  an  insoluble 
compound  of  an  acid  with  the  caseous  matter  of  milk;  but  nothing 
certain  is  known  respecting  the  mode  by  which  the  gastric  fluid,  the 
active  principle  of  rennet,  produces  its  effect. 

The  curd  of  skim-milk,  made  by  means  of  rennet,  and  separated 
from  the  whey  by  washing  with  water,  is  caseous  matter,  or  the  basis 
of  cheese,  in  a  state  of  puri^.  It  is  a  white,  insipid,  inodorous  substance, 
insoluble  in  water,  but  readily  soluble  in  the  alkalies,  especially  in  am- 

•  An.  de  Ch.  vol.  xxxi.  f  Philos.  Trans,  for  1812. 
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monia.  By  alcohol  it  is  converted,  like  albumen  and  fibrin,  into  an 
adipocirous  substance  of  a  fetid  odour;  and,lilce  the  same  substances* 
it  may  be  dissolved  by  a  sufficient  quantity  of  acetic  acid. 

Caseous  matter  has  considerable  analogy  to  albumen,  especially  in 
being  coagulated  by  acids.  It  is  not  coagulated,  however,  by  heat ; 
although  the  tendency  to  undergo  this  change  is  indicated  by  the  film 
which  forms  upon  the  surface  of  heated  milic,  an  effect  apparently  con- 
nected with  exposure  to  the  air.  It  differs  also  from  albumen  in  the 
nature  of  the  spontaneous  changes  to  which  it  is  sulijeGt.  When  Icept 
in  a  moist  state,  it  undergoes  a  species  of  fermentation  precisely  anal- 
ogous to  that  experienced  by  gluten  under  the  same  circumstances. 
(Page  477.) 

The  accuracy  of  the  remarks  made  by  Proust  concerning  the  caseous 
oxide  and  caseic  acid,  has  been  questioned  by  M.  Braconnot.  (Edinb. 
Journal  of  Science,  No.  xvi.  369.)  The  latter  states  that  the  curd  from 
spontaneously  coagulated  skim-milk,  covered  with  water,  and  kept  at 
a  temperature  of  about  75*^  F.  underwent  complete  putrefaction  in  the 
space  of  ^  month.  The  soluble  parts  were  then  filtered,  and  by  eva- 
poration yielded  a  product  of  a  very  fetid  odour,  acetate  of  ammonia, 
and  acetic  acid.  The  residue,  after  being  reduced  to  the  consistence 
of  syrup,  concreted  on  cooJing  into  a  granulated  reddish  mass  like 
honey,  but  of  a  saline  bitter  taste,  and  was  separated  by  the  action  of 
alcohol  into  two  parts,  one  soluble  and  the  other  insoluble.  The  for- 
mer Is  the  caseate  of  ammonia  of  Proust,  and  the  latter,  his  caseous 
oxide. 

In  order  to  obtain  caseous  oxide  quite  pure,  it  must  be  washed 
carefully  with  alcohol,  treated  with  animal  charcoal,  and  dissolved  re- 
peatedly in  boiling  water,  from  which  it  is  separated  by  evaporation. 
In  this  state  it  is  a  beautiful  white  powder,  inodorous,  and  of  a  slight 
bitter  taste.  It  is  heavier  than  water,  and  soluble  in  14  parts  of  that 
fluid  at  72**  F.  On  allowing  the  solution  to  evaporate  spontaneously, 
it  crystallizes  either  in  the  form  of  elegant  dendritic  ramifications,  or 
in  rings  composed  of  delicate  acicular  crystals  of  a  silky  lustre. 

Caseous  oxide  is  almost  entirely  insoluble  even  in  boiling  alcohol. 
Its  aqueous  solution  yields  a  white  flaky  precipitate  with  infusion  of 
gall-nuts,  soluble  in  excess  of  the  precipitant;  and  subacetate  of  lead 
likewise  throws  down  a  white  precipitate.  The  crystals,  if  suddenly 
heated,  volatilize  without  change ;  but  if  the  heat  is  gradually  raised, 
decomposition  ensues,  and  a  large  quantity  of  the  carbonate  and  hy- 
drosulphate  of  aipmonia  is  generated.  When  strongly  heated  in  open 
vessels,  it  takes  fire,  and  burns  with  flame  without  residue. 

The  composition  of  caseous  oxide  has  not  been  determined,  but 
from  the  facility  with  which  its  aqueous  solution  putrefies,  M.  Bracon- 
not regards  it  as  a  highly  azotized  animal  principle.  It  contains  sul- 
phur also.  He^elieves  it  to  be  a  product  of  the  putrefaction  of  all  animal 
substances,  and  proposes  for  it  the  name  of  aposepedine,  from  avro 
and  o-nirtSctf,  result  of  putrefactioQ»  ^  more  appropriate  than  caseous 
oxide. 

M.  Braconnot  denies  the  existence  of  caseic  acid.  Proust's 
caseate  of  ammonia  consists  of  various  substances,  such  as  free  acetie 
acid,  aposepedine,  animal  matter,  resin,  several  salts,  and  a  yellow  pun- 
gent oil,  which  is  the  chief  cause  of  the  pungency  of  old  cheese. 

From  760  parts  of  curd  completely  putrefied  were  obtained  36  of 
dry  matter  insoluble  in  water.  These  consisted  of  14.92  parts  of 
margarate  of  lime,  2.67  of  margaric  acid,  and  1S.61  of  oleic  acid,  re- 
taining margaric  acid  and  a  brown  animal  matter. 

According  to  the  analysis  of  Oay-Lussac  and  Thenard,  100  parts  of 
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.the  caseoiu  matter  are  composed  of  carbon  69.781,  hydrogen  7.429, 
OKygeo  11.409,  and  nitrogen  21.881.  It  yields  by  incineratioa  a 
white  ash,  amounting  to  6.5  per  cent  of  its  weight,  the  greater  part  of 
which  is  phosphate  of  lime,  a  circumstance  which  renders  caseous 
matter  an  article  of  food  peculiarly  proper  for  young  animals. 

Milk  carefully  deprived  of  its  cream  has  a  specilc  gravity  of  about 
1.0S8  ;  and  1000  parts  of  it,  according  to  Berzelius,  are  thus  consti- 
tuted ; — water  928.76 ;  caseous  matter  with  a  trace  of  butter  28 ;  sugar  of 
milk  86;  muriate  and  phosphate  of  potassa  1.95;  lactic  (acetic)  acid» 
acetate  of  potassa,  and  a  trace  of  lactate  of  iron  6 ;  and  earthy  phos- 
phates 0.30.  Subtracting  the  caseous  matter,  the  remaining  sub- 
•tances  constitute  whey. 

Eggs. — ^The  composition  of  the  recent  egg  and  the  changes  which 
it  undergoes  during  the  process  of  incubation,  have  been  ably  investi- 
gated by  Dr  Prout.  (Phil.  Trans,  for  1822.^  New-laid  eggs  are  rather 
heavier  than  water ;  but  they  become  lighter  after  a  time,  in  conse- 
quence of  water  evaporating  through  the  pores  of  the  shell,  and  air 
being  substituted  for  it.  An  egg  of  ordinary  size  yields  to  boiling 
water  about  three-tenths  of  a  grain  of  saline  matter,  consisting  of  the 
sulphates,  carbonates,  and  phosphates  of  lime  and  magnesia,  together 
with  animal  matter  and  a  little  free  alkali. 

Of  an  egg  which  weighs  1000  grains,  the  shell  constitutes  106.9, 
the  white  604.2,  and  the  yelk  288.9  grains.  The  shell  contains  about 
two  per  cent  of  animal  matter,  one  per  cent  of  the  phosphates  of 
lime  and  magnesia,  and  the  residue  is  carbonate  of  lime  with  a  little 
carbonate  of  magnesia. 

When  the  yelk  of  a  hard  boiled  egg  is  repeatedly  digested  in  alcohol 
of  specific  gravity  0.807,  until  that  fluid  comes  off  colourless,  there  re- 
mains a  white  pulverulent  residuum,  possessed  of  many  of  the  proper- 
ties of  albumen,  but  distinguished  from  that  principle  by  containing 
a  large  quantity  of  phosphorus  in  some  unknown  state  of  combination. 
The  alcoholic  solution  is  of  a  deep  yellow  colour,  and  on  cooling  de- 
posites  crystals  of  a  sebaceous  matter,  and  a  portion  of  yellow  semi- 
fluid oil.  On  distilling  off  the  alcohol,  the  oil  is  left  in  a  separate 
state.  When  the  yelk  is  dried  and  burned,  the  phosphorus  is  con- 
verted into  phosphoric  acid,  which,  melting  into  a  glass  upon  the  sur- 
face of  the  charcoal,  protects  it  from  complete  combustion.  In  the 
white  of  the  egg,  which  consists  chiefly  of  albumen,  sulphur  is  pre- 
sent. 

The  obvious  use  of  the  phosphorus  contained  in  the  yelk  is  to  * 
supply  phosphoric  acid  for  forming  the  bones  of  the  chick;  but  Dr 
Prout  was  unable  to  discover  any  source  of  the  lime,  with  which  that 
acid  unites  to  form  the  earthy  part  of  bone.  It  cannot  be  discovered  in 
the  soft  parts  of  the  egg ;  and  hitherto  no  vascular  connection  has 
been  traced  between  the  chick  and  its  shell. 


SECTION  IV. 

OJ\r  THE  LIQUIDS  OF  SEROUS  AJSTD  MUCOUS  SUR- 
FACES, Sfc,  AJSTD  OJ\r  FURULEJ\rT  M/ITTER, 

The  surface  of  the  cellular  membrane  is  moistened  with  a  peculiar 
limpid  transparent  fluid  called  lymph,  which  is  in  very  small  quantity 
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during  health,  but  collects  abundantly  in  some  dropsical  affections. 
Mr  Brande  collected  it  from  the  thoracic  duct  of  an  animal  which  had 
been  kept  without  food  for  twenty-four  hours.  Its  chief  constituent  is 
water,  besides  which  it  contains  muriate  of  soda  and  albumen,  the  lat- 
ter being  in  such  minute  quantity  that  it  is  coagulated  only  by  the  ac- 
tion of  galvanism.  Lymph  does  not  affect  the  colour  of  test  paper; 
but  when  evaporated  to  dryness,  the  residue  gives  a  green  tint  to  the 
syrup  of  violets. 

The  fluid  secreted  by  the  serous  membranes  in  general,  such  as  the 
pericardium,  pleura,  and  peritoneum,  is  very  simnar  to  lymph.  Ac- 
cording to  Dr  Bostock,  100  parts  of  the  liquid  of  the  pericardium  con- 
sist of  water  92  parts,  albumen  5.5,  mucus  2,  muriate  of  soda  0.5. 
The  serous  fluid  exhaled  within  the  ventricles  of  the  brain  in  hydrO' 
eephalus  internus  is  composed,  in  1000  parts,  of  water  988.3,  albu- 
men 1.66,  muriate  of  potassa  and  soda  7.09,  lactate  (acetate)  of  soda 
and  its  animal  matter  2.32,  soda  0.28,  and  animal  matter  soluble  only 
in  water,  with  a  trace  of  phosphates,  0.35.  (Berzelius,  in  Medico-Chir. 
Trans,  vol.  iii.  p.  252.) 

The  liquor  of  the  amnios,  or  the  fluid  contained  in  the  membrane 
which  surrounds  the  foetus  in  utero,  differs  in  different  animals. 
That  of  the  human  female  was  found  by  Yauquelin  and  Buniva  to  con- 
tain a  small  quantity  of  albumen,  soda,  muriate  of  soda,  phosphate  and 
carbonate  of  lime,  and  a  matter  like  curd,  which  gives  it  a  milky  ap- 
pearance. That  of  the  cow,  according  to  the  same  authority,  con- 
tains the  substance  already  described  under  the  name  of  amniotio 
acid ;  but  several  other  chemists,  such  as  Prout,  Dulong  and  Labillar- 
diSre,  and  Lassai^ne  have  been  unable  to  detect  it.  M.  Lassaigne 
states,  that  this  acid  exists  in  the  fluid  of  the  allantois  of  the  cow.  Dr 
Prout  found  some  sugar  of  milk  in  the  amnios  of  a  woman.  (Ann.  of 
Phil.  vol.  V.  p.  417.) 

Humours  of  the  Eye. — The  aqueous  and  vi  treous  humours  of  the 
eye  contain  rather  more  than  80  per  cent  of  water.  The  other  con- 
stituents are  a  small  quantity  of  albumen,  muriate  and  acetate  of  soda, 
pure  soda,  though  scarcely  sufficient  to  affect  the  colour  of  test  pa- 
per, and  animal  matter  soluble  only  in  water,  but  which  is  not  gelatin. 
(Berzelius.)  The  crystalline  lens,  besides  the  usual  salts,  contains 
36  per  cent  of  a  peculiar  animal  matter,  very  analogous  to  albumen  if 
not  identical  with  it.  In  cold  water  it  is  soluble,  but  is  coagulated  by 
boiling.  The  coagulum,  according  to  Berzelius,  has  all  the  proper- 
ties of  the  colouring  matter  of  the  blood  excepting  its  colour. 

The  tears  are  limpid  and  of  a  saline  taste,  dissolve  freely  in  water, 
and,  owing  to  the  presence  of  free  soda,  communicate  a  green  tint  to 
the  blue  infusion  of  violets.  Their  chief  salts  are  the  muriate  and  pho9« 
phate  of  soda.  According  to  Fourcroy  and  Yauquelin,  the  animal 
matter  of  the  tears  is  mucus ;  but  it  is  more  probably  either  albumen,  or 
some  analogous  principle.  Its  precise  nature  has  not  however  been 
satisfactorily  determined. 

Mucus, — The  term  mucus  has  been  employed  in  very  different 
significations.  Dr  Bostock  applies  it  to  a  peculiar  animal  matter 
which  is  soluble  both  in  hot  and  cold  water,  is  not  precipitated  by  cor- 
rosive sublimate  or  solution  of  tannin,  is  not  capable  of  forming  a  jelly, 
and  which  yields  a  precipitate  with  subacetate  of  lead. 

The  existence  of  this  principle  has  not,  however,  been  fully  estab- 
lished ;  for  the  presence  of  muriatic  and  phosphoric  acids,  the  latter  of 
which  is  frequently  contained  in  animal  fluids,  and  the  former  scarcely 
ever  absent,  sufficiently  accounts  for  the  precipitates  occasioned  in 
them  by  the  salts  of  lead  or  silver.    Bat  even  supposing  the  opiDion 
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of  Dr  Bostock  to  be  correct,  it  would  be  advwable  to  give  some  new 
Dame  to  bit  principle,  and  apply  the  term  mucus  solely  to  the  fluid 
secreted  by  mucous  surfaces. 

The  properties  of  mucus  vary  somewhat  according  to  the  source 
firom  which  it  is  derived ;  but  its  leading  characters  are  in  all  cases  the 
same,  and  are  best  exemplified  in  mucus  from  the  nostrils.  Nasal 
mucus,  according  to  Berzeltus,  has  the  following  properties.  Idq- 
mersed  in  water,  it  imbibes  so  much  of  that  fluid  as  to  become  trans- 
parent, with  the  exception  of  a  few  particles  which  remain  opake. 
when  dried  on  blotting  paper,  it  loses  its  transparency,  but  again  ac- 
quii^s  it  when  moistened.  It  is  not  coagulated  or  rendered  homy  by 
being  boiled  in  water;  but  as  soon  as  the  ebullition  has.  ceased,  it  col- 
lects unchanged  at  the  bottom  of  the  vessel.  It  is  dissolved  by  dilute 
sulphuric  acid.  Nitric  acid  at  first  coagulates  it ;  but  by  continued 
digestion,  the  mucus  at  first  softens  and  is  finally  dissolved,  forming 
a  clear  yellow  liquid.  Acetic  acid  hardens  mucus,  and  does  not  dis- 
solve it  even  at  a  boiling  temperature.  Pure  potassa  at  first  renders  it 
more  viscid,  but  afterwards  dissolves  it.  By  tannin,  mucus  is  coagu- 
lated, both  when  softened  by  the  absorption  of  water,  and  when  dis- 
solved either  in  an  acid  or  an  alkali. 

^  Pu9. — Purulent  matter  is  the  fluid  secreted  by  an  inflamed  and 
ulcerated  surface.  Its  properties  vary  according  to  the  nature  of  the 
sore  from  which  it  is  discharged.  The  purulent  matter  formed  by  an 
Dl-conditioned  ulcer  is  a  thin,  transparent,  acrid,  fetid  ichor ;  whereas  a 
healing  sore  in  a  sound  constitution  yields  a  yellowish -white,  coloured 
liquid,  of  the  consistence  of  cream,  which  is  described  as  bland,  opake, 
and  inodorous.  This  is  termed  healthy  pus,  and  is  possessed  of  the 
following  properties.  Though  it  appears  homogeneous  to  the  naked 
eye,  when  examined  with  the  microscope,  it  is  found  to  consist  of 
minute  globules  floating  in  a  transparent  liquid.  Its  specific  gravity 
is  about  1.03.  It  is  insoluble  in  water;  and  is  thickened,  but  not  dis- 
solved by  alcohol.  When  recent  it  does  not  affect  the  colour  of  test 
paper;  but  by  exposure  to  the  air,  it  becomes  acid.  Th& dilute  acids 
have  little  effect  upon  it;  but  strong  sulphuric,  nitric,  and  muriatic 
acids  dissolve  it,  and  the  pus  is  thrown  down  by  dilution  with  water. 
Ammonia  reduces  it  to  a  transparent  jelly,  and  gradually  dfesqlves  a 
considerable  portion  of  it.  With  the  fixed  alkalies,  it  forms  a  whitish 
ropy  fluid,  which  is  decomposed  by  water. 

The  composition  of  pus  has  not  been  ascertained  with  precision; 
but  its  characteristic  ingredient  is  more  closely  allied  to  albumen  than 
the  other  animal  principles. 

Several  attempts  have  been  made  to  discover  a  chemical  test  for 
distinguishing  pus  from  mucus.  When  these  fluids  are  in  their  natural 
state,  the  appearance  of  each  is  so  characteristic  that  the  distinction 
cannot  be  attended  with  any  difficulty ;  but,  on  the  contrary,  when  a 
mucous  surface  is  inflamed,  its  secretion  becomes  opake,  and,  as 
sometimes  happens  in  some  pulmonary  diseases,  acquires  more  or  less 
of  the  aspect  of  pus.  Mr  Charles  Darwin,  who  examined  this  subject, 
pointed  out  three  grounds  of  distinction  between  them.  1.  When  the 
'  solution  of  these  liquids  in  sulphuric  acid  is  diluted,  the  pus  subsides 
to  the  bottom,  and  the  mucus  remains  suspended  in  the  water. 
2.  When  pus  and  catarrhal  mucus  are  diffused  through  water,  the 
former  sinks,  and  the  latter  floats.  8.  Pus  is  precipitated  from  its  so- 
lution in  potassa  by  water,  while  the  solution  of  mucus  is  not  decom- 
posed by  similar  treatment.  Dr  Thomson,  in  his  system  of  chemistry, 
has  given  the  following  test  on  the  authority  of  Grassmeyer.  The 
subsuoce  to  be  examined,  after  being  Ul  turated  with  its  own  weight 
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of  water,  is  mixed  with  an  equal  quantity  of  a  saturated  solution  of  the 
carbonate  of  potassa.  If  it  contain  pus,  a  transparent  jelly  forms  in  a 
few  hours ;  but  this  does  not  happen  if  raucus  only  is  present.  Dt 
Young,  in  his  work  on  Consumptive  Diseases,  has  given  a  very  ele- 

fmt  character  for  distinguishing  pus,  founded  on  its  optical  properties, 
ut  the  practical  utility  of  tests  of  any  kind  is  rendered  very  question- 
able by  the  fact,  that  inflamed  mucous  membranes  may  secrete  gen- 
uine pus  without  breach  of  surface,  and  that  the  natural  passes  into 
purulent  secretion  by  insensible  shades. 

Sweat — Watery  vapour  is  continually  passing  off*  by  the  skin  in  the 
form  of  insensible  perspiration;  but  when  the  external  heat  is  consid- 
erable, or  violent  bodily  exercise  is  taken,  drops  of  fluid  collect  upon 
the  surface,  and  constitute  what  is  called  sweat.  This  fluid  consists 
chiefly  of  water;  but  it  contains  some  muriate  of  soda  and  free  acetic 
acid,  in  consequence  of  which  it  has  a  saline  taste  and  an  acid  reaction. 


SECTION  V. 

OJV  THE  URVSTE  AJSTD  URUSTARY  COJSTCRETIOJ^S, 

The  urine  differs  from  most  of  the  animal  fluids  which  have  been 
described  by  not  serving  any  ulterior  purpose  in  the  animal  economy. 
It  is  merely  an  excretion  designed  for  ejecting  from  the  system  sub- 
stances, which,  by  their  accumulation  within  the  body,  would 
speedily  prove  fatal  to  health  and  life.  The  sole  office  of  the  kidneys, 
indeed,  appears  to  consist  in  separating  from  the  blood  the  superflu- 
ous matters  that  are  not  required  or  adapted  for  nutrition,  or  which  have 
already  formed  part  of  the  body,  and  been  removed  by  absorption. 
The  substances  which  in  particular  pass  off^  by  this  organ  are  nitro- 
gen, in  the  form  of  highly  azotlzed  products,  and  various  saline  and 
earthy  compounds.  This  sufficiently  accounts  for  the  great  diversity 
of  different  substances  contained  in  the  urine. 

The  quantity  of  the  urine  is  affected  by  various  causes,  especially 
by  the  nature  and  quantity  of  the  liquids  received  into  the  stomach  ; 
but  on  an  average  a  healthy  person  voids  between  thirty  and  forty 
ounces  daily.  The  quality  of  this  fluid  is  likewise  influenced  by  the 
same  circumstances,  being  sometimes  in  a  very  dilute  state,  and  at 
others  highly  concentrated.  The  urine  voided  in  the  morning  by  a 
person  who  has  fed  heartily,  and  taken  no  more  fluids  than  is  suffi- 
cient for  satisfying  thirst,  may  be  regarded  as  affording  the  best  spe- 
cimen of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transparent  limpid  fluid  of  an  amber 
colour,  having  a  saline  taste,  and  while  warm  emitting  an  odour 
which  is  slightly  aromatic,  and  not  at  all  disagreeable.  Its  specific 
gravity  in  its  most  concentrated  form,  is  about  l.OSO.  It  gives  a  red 
tint  to  litmus  paper,  a  circumstance  which  indicates  the  presence 
either  of  a  free  acid  or  of  a  super-salt.  Though  at  first  quite  transpa- 
rent, an  insoluble  matter  is  deposited  on  standing;  so  that  urine, 
voided  at  ni^bt  is  found  to  have  a  light  cloud  floating  in  it  by  the  fol- 
lowing mommg.  This  substance  consists  in  part  of  mucus  from  th« 
urinary  passages,  and  partly  of  the  superurate  of  ammonia,  which  is 
much  more  soluble  in  warm  thao  in  cold  water. 

The  urine  is  yeiy  prone  to  spoDtaoeoos  decompotitioD.  When 
Uu 
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InpC  for  (wo  or  threo  doyt,  it  acquires  a  strong  arinoofl  smell ;  mi#  99 
the  patrefactioD  proceeds,  the  disagreeable  odour  increases,  until  «t 
length  it  becomes  exceedingly  offensive.  As  soon  as  these  changes 
commence,  the  urine  ceases  to  have  an  acid  reaction,  and  the  earthy 
phosphates  are  deposited.  In  a  short  time,  a  free  alkali  malces  its 
appearance,  and  a  large  quantity  of  carbonate  of  ammonia  is  gradually 
generated*  Similar  changes  may  be  produced  in  recent  urine  by 
continued  boiling.  In  both  cases  the  phenomena  are  ovring  to  the 
decomposition  of  urea,  which  is  almost  entirely  resolved  into  carbon- 
ate of  ammonia. 

The  composition  of  the  urine  has  been  studied  by  several  chemists, 
but  the  most  recent  and  elaborate  analysis  of  this  fluid  is  by  Berzo- 
Utts.  According  to  the  researches  of  this  indefatigable  chemist,  1000 
parts  of  urme  are  composed  of 
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trace  of  floate  of  lime. 

1.00 

Siliceous  earth. 

. 

. 

0.03 

Besides  the  ingredients  included  in  the  preceding  list,  the  urine 
contains  several  other  substances  in  small  quantity.  From  the  pro- 
perty this  fluid  possesses  of  blackening  silver  vessels  in  which 
it  is  evaporated,  owing  to  the  formation  of  the  sulphuret  of  silver, 
Proust  inferred  the  presence  of  unoxidized  sulphur ;  and  Dr  Prout, 
from  the  odour  of  phosphuretted  hydrogen,  which  he  thinks  he  has 
perceived  in  putrefying  urine,  suspects  that  phosphorus  is  likewise' pre- 
sent. The  urine  also  contains  a  peculiar  yellow  colouring  matter, 
which  has  not  hitherto  been  obtained  in  a  separate  state.  From  the 
precipitate  occasioned  in  urine  by  the  infusion  of  gall-nuts,  the  pre- 
sence of  gelatin  has  been  inferred ;  but  this  effect  appears  owing  to 
the  presence  not  of  gelatin  but  of  a  small  portion  of  albumen. 

According  to  Scheele,  the  urine  of  infants  sometimes  contains  ben- 
zoic acid,  a  compound  which,  when  present,  may  be  easily  procured 
by  evaporating  the  urine  nearly  to  the  consistence  of  syrup,  and  ad- 
ding muriatic  acid.  The  precipitate,  consisting  of  uric  and  benzoic 
acids,  is  digested  in  alcohol,  which  dissolves  the  benzoic  acid. 

Notwithstanding  the  high  authority  of  Berzelius,  it  is  very  doubt- 
ful if  any  free  acid  be  present  in  healthy  urine.  Dr  Prout,  with  every 
appearance  of  justice,  maintains  that  the  acidity  of  recent  urine  is  oc- 
casioned by  super-salts,  and  not  by  uncombined  acid.  He  is  of  opi- 
nion that  the  acid  reaction  is  chiefly,  if  not  wholly,  to  be  ascrilred  to 
the  superphosphate  of  lime  and  superurate  of  ammonia,  salts  which 
^e  finds  may  co-exist  in  a  liquid  without  mutaal  decomposition.  A 
very  strong  argument,  which  to  me  indeed  appears  conclusive  in 
favour  of  this  view,  is  derived  from  the  fact,  that  on  adding  muriatic 
acid  toieecnt  urine,  minute  crystals  of  uric  acid  are  gradually  deposit- 
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•d,  M  always  faappent  when  this  acid  subsides  slowly  from  a  state  of 
solution ;  but,  on  the  contrary,  if  no  free  acid  is  added,  an  amorphous 
sediment,  which  Dr  Prout  regards  as  the  superurate  of  ammonia,  is 
obtained. 

Such  is  a  general  view  of  the  composition  of  human  urine  in  its 
natural  healthy  state.  But  this  fluid  is  subject  to  a  great  variety  of 
morbid  conditions,  which  arise  either  from  the  deficiency  or  excess 
of  certain  principles  which  it  ought  to  contain,  or  from  the  presence 
of  others  wholly  foreign  to  its  composition.  As  the  study  of  these 
affections  affords  an  interesting  example  of  the  application  of  chemis- 
try to  pathology  and  the  practice  of  medicine,  I  shall  mention  briefly 
some  of  the  most  important  morbid  states  of  this  fluid,  referring  for 
more  ample  details  to  the  excellent  treatise  of  Dr  Prout*. 

Of  the  substances  which,  though  naturally  wanting,  are  sometimes 
contained  in  the  urine,  the  most  remarkable  is  sugar,  which  is  secreted 
by  the  kidneys  in  diabetes.  (Page  500.)  Diabetic  urine  has  a  sweet 
taste,  and  yields  a  syrup  by  evaporation,  is  almost  always  of  a  pale 
straw  colour,  and  in  general  has  a  greater  specific  gravity  than  or- 
dinary urine.  It  contains  a  remarkably  small  proportion  of  azotized 
substances,  so  that  it  has  no  tendency  to  putrefy ;  but  the  presence 
of  sugar  renders  it  susceptible  of  undergoing  the  vinous  fermentation. 

The  acidifying  process  which  is  constantly  going  forward  in  the 
kidneys,  as  evinced  by  the.  formation  of  sulphuric,  phosphoric,  and 
uric  acids,  sometimes  proceeds  to  a  morbid  extent,  in  consequence  of 
which  two  acids,  the  oxalic  and  nitric,  are  generated,  neither  of 
ivhich  exists  in  healthy  urine.  The  former,  by  uniting  with  lime 
rives  rise  to  one  of  the  worst  kinds  of  urinary  concretions ;  and  the' 
latter,  in  the  opinion  of  Dr  Prout,  leads  to  the  production  of  the  pur* 
purate  of  ammonia,  by  reacting  on  uric  acid. 

In  severe  cases  of  jaundice,  the  bile  passes  from  the  blood  into  the 
kidneys,  and  communicates  a  yellow  colour  to  the  urine.  The  most 
delicate  test  of  its  presence  is  muriatic  acid,  which  causes  a  green  tint. 

Though  albumen  is  contained  in  very  minute  quantity  in  healthy 
urine,  in  some  diseases  it  is  present  in  large  proportion.  According 
to  Dr  Blackall,  it  is  characteristic  of  certain  kinds  of  dropsy,  accom* 
panied  with  an  inflammatory  diathesis,  as  in  that  which  supervenes 
on  scarlet  fever;  and  Dr  Prout  has  described  two  cases  of  albuminous 
urine,  in  which,  without  any  febrile  symptoms,  albumen  existed  in 
such  Quantity  that  spontaneous  coagulation  took  place  within  the 
bladder.  From  the  Medical  Reports  lately  published  by  Dr  Bright, 
it  appears  that  dropsical  effusions  are  sometimes  owing  to  an  inflam« 
matory  or  diseased  state  of  the  kidneys;  and  in  these  cases  the  urine 
commonly  contains  so  much  albumen  as  to  be  rendered  turbid  by  heat.- 
80  regular  indeed  is  its  occurrence,  that  Dr  Bright  considers  albumin- 
ous urine,  in  dropsical  patients,  to  be  a  sign  of  renal  disease. 

Incertain  states  of  the  system,  urea  is  generated  in  an  unusually  small 
proportion.  This  occurs  especially  in  diabete$  melUttu,  and  in  acute 
end  chronic  inflammation  of  the  liver,  diseases  in  which  urea  is  said 
sometimes  to  be  wholly  wanting ;  but  the  experience  of  Dr  Prout  has 
led  him  to  doubt  if  it  is  ever  entirely  absent.  Dr  Henry  has  shown 
that  urea,  when  mixed  with  a  considerable  proportion  of  sugar,  cannot 
be  discovered  by  the  usual  test  of  nitric  acid ;  and;  consequently,  that 
though  present  in  diabetic  urine,  it  may  easily  be  overlooked.  The 
method  by  which  he  has  succeeded  in  detecting  it  in  such  case^  is  by 

*  Inquiry  into  the  Natare  and  Treatment  of  Oravel,  Calculus,  kc. 
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difftOlatioD,  urea  beiog  the  oDiy  known  animal  principle  which  is  eonver* 
ted  into  carbonate  of  ammonia  at  a  boiling  temperature.  (Medico-Chir. 
Trans,  vol.  U.  p.  127.)  During  the  hysteric  paroxysm,  also,  the  ani- 
mal matters  of^  the  urine  are  deficient,  while  its  saline  ingredients  aire 
secreted  in  unusual  quantity.  An  excess  of  urea  occasionally  exists. 
The  mode  by  which  Dr  Prout^stimates  the  proportion  of  this  princi- 
ple is  by  putting  the  urine  in  a  watch  glass,  and*  carefully  adding  to  it 
nearly  an  equal  quantity  of  nitric  acid,  in  such  a  manner  that  the  acid 
may  collect  at  the  bottom.  If  spontaneous  crystallization  ensue,  an 
excess  of  urea  is  indicated ;  and  the  degree  of  excess  may  be  inferred 
approximately  by  maikiog  the  time  which  elapses  before  the  effect 
takes  place.  Updiluted  healthy  urine  yields  crystals  only  after  an  in- 
terval of  half  an  hour ;  but  the  nitrate  crystallizes  within  that  interval 
.  when  the  urea  is  in  excess. 

An  unusually  abundant  secretion  of  uric  acid  is  a  circumstance  by 
no  means  uncommon.  In  some  instances  this  acid  makes  it  appear- 
ance in  a  free  state ;  but  happily  it  generally  occurs  in  combination 
with  an  alkali,  especially  with  soda  or  ammonia.  As  the  urates  are 
much  more  soluble  in  warm  than  in  cold  water,  the  urine  in  which 
t^iey  abound  is  quite  clear  at  the  moment  of  being  voided,  but  depo- 
sites  a  copious  sediment  in  cooling.  The  undue  secretion  of  these 
salts,  if  temporary,  occasions  scarcely  any  inconvenience,  and  arises 
from  such  slight  causes,  that  it  frequently  takes  place  without  being 
noticed.  This  affection  is  generally  produced  by  errors  in  diet,  whe- 
ther as  to  quantity  or  quality,  and  by  all  causes  which  Interriipt  the 
digestive  process  in  any  of  its  stages,  or  render  it  imperfect.  Dr  Prout 
specifies  unfermented  heavy  bread,  and  hard  boiled  puddings  or 
dumplings,  as  in  particular  disposing  to  the  formation  of  the  urates. 
These  sediments  have  commonly  a  yellowish  tint,  which  is  commu- 
nicated by  the  colouring  matter  of  the  urine ;  or  when  they  are  de- 
posited in  fevers,  forming  the  lateritious  sediment,  they  are  red,  in 
consequence  of  the  colouring  matter  of  the  urine  being  then  more 
abundant.  In  fevers  of  an  irritable  nature,  as  in  hectic,  the  sediment 
has  a  pmk  colour,  which  is  ascribed  by  Dr  Prout  to  the  presence  af 
purpurate  of  ammonia,  and  by  Proust  to  rosacic  acid.  (Page  502.) 

So  long  as  the  uric  acid  remains  in  combination  with  a  base,  it  nevei 
yields  a  crystalline  deposite;  but  when  this  acid  is  in  excess  and  in  a 
tree  state,  its  very  sparing  solubility  causes  it  to  separate  in  minute 
crystals,  even  within  the  bladder,  giving  rise  to  two  of  the  most  dis- 
tressing complaints  to  which  human  nature  is  subject, — to  gravel  when 
the  crystals  are  detached  from  one  another,  and  when  agglutinated  by 
animal  matter  into  concrete  masses,  to  the  disease  called  stone.  These 
diseases  may  arise  eUher  from  uric  acid  being  directly  secreted  by  the 
kidneys,  or,  as  Dr  Prout  suspects,  from  the  formation  of  some  other 
acid,  by  which  the  urate  of  ammonia  is  decomposed.  The  tendency 
of  the  urine  to  contain  free  acid  occurs  most  frequently  in  dyspeptic 
persons  of  a  gouty  habit,  and  is  familiarly  known  by  the  name  of  the 
uric  or  lithic  acid  diathesis.  In  these  individuals,  the  disposition  to 
undue  acidity  of  the  urine  is  superadded  to  that  state  -of  the  system 
which  leads  to  an  unusual  supply  of  the  urates. 

A  deficiency  of  acid  in  the  urine  is  not  less  injurious  than  its  excess. 
As  the  phosphate  of  lime  in  its  neutral  state  is  insoluble  in  water,  this 
salt  cannot  be  dissolved  in  the  urine,  except  by  being  in  the  form  of  a 
superphosphate.  Hence  it  happens  that  healthy  urine  yields  a  preci- 
pitate, when  it  is  neutralized  by  an  alkali ;  and  if,  by  the  indiscriminate 
employment  of  alkaline  medicines,  or  from  any  other  cause,  the  urine, 
while  yet  within  the  bladder,  is  rendered  neutral,  the  earthy  phos* 
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phates  are  necessarily  deposited,  and  an  opportonity  afforded  for  Uie 
formation  of  a  stone. 

Urinary  Concretions. 

Hie  first  step  towards  a  knowledge  of  urinary  calculi  was  made  in 
the  year  1776  by  Scheele,  who  showed  that  many  of  the  concretions 
formed  in  the  bladder  consist  of  uric  or  lithic  acid.  The  subject  was 
afterwards  successfully  investigated  by  Drs  WoUaston  and  Pearson  in 
this  country,  and  by  Fourcroy  and  Vauquelin  in  France ;  but  the  ho- 
nour of  having  first  ascertained  the  composition  and  chemical  charac- 
ters of  most  of  the  species  of  urinary  calculi  at  present  tcnowOi  belongs 
to  Dr  Wollaston.  (Phil.  Trans,  for  1797.)  The  chemists  who  have 
since  materially  contributed  to  advance  our  knowledge  of  this  depart- 
ment of  science,  are  Dr  Henry,  Mr  Brando,  Dr  Prout,  and  the  late 
Dr  Marcet,  to  whose  **  Essay  on  the  Chemical  Hlstorj^  and  Medical 
Treatment  of  Calculous  Disorders,"  I  may  refer  the  reader  who  is  de* 
sirous  of  studying  this  important  subject. 

^  The  most  common  kinds  of  urinary  concretions  may  be  conveniently 
divided  into  six  species :  1.  The  uric  acid  calculus;  2.  The  bone-eartn 
calculus,  principally  consisting  of  phosphate  of  lime ;  3.  The  ammo- 
niaco-magnesian  phosphate;  4.  The  fusible  calculus,  being  a  mixture 
of  the  two  preceding  species;  5.  The  mulberry  calculus,  composed  of 
oxalate  of  lime ;  and,  lastly.  The  cystic  oxide  calculus.  (Marcet.) 

1.  The  uric  acid  forms  a  hard  inodorous  concretion,  commonly  of 
an  oval  form,  of  a  brownish  or  fawn  colour,  and  smooth  surface. 
These  calculi  consist  of  layers  arranged  concentrically  around  a  central 
nucleus,  the  lamins  being  distinguished  from  each  other  by  a  slight 
difference  in  colour,  and  sometimes  by  the  interposition  of  some  other 
substance. 

This  species  is  readily  distinguished  by  the  following  characters. 
It  is  very  sparingly  soluble  in  water  and  muriatic  acid.  Digested  in 
pure  potassa  it  quickly  disappears,  and  on  adding  an  acid  to  the  solu- 
tion, the  uric  acid  is  precipitated.  It  is  dissolved  with  effervescence 
iby  nitric  acid,  and  the  solution  yields  the  purpurate  of  ammonia  when 
evaporated.  Before  the  blowpipe,  it  becomes  black,  emits  a  peculiar 
animal  odour,  and  is  gradually  consumed,  leaving  a  trace  of  white  ash, 
which  has  an  alkaline  reaction. 

As  a  variety  of  this  species,  may  be  mentioned  the  urate  of  ammo- 
nia, a  rare  kind  of  calculus  first  noticed  by  Fourcroy.  Mr  Brando  and 
Dr  Marcet  expressed  a  doubt  of  its  ever  forming  an  independent  con- 
cretion ;  but  its  existence,  as  such,  has  been  established  by  Dr  Prout. 
The  urate  of  ammonia  has  the  same  general  chemical  characters  as 
the  uric  acid,  from  which  it  is  distinguished  by  its  solubility  in4)oiling 
water,  when  reduced  to  powder,  and  by  its  solution  in  potassa  being 
attended  with  the  disengagement  of  ammonia.  It  deflagrates  remark- 
ably before  the  blowpipe.  (Medico-Chir.  Trans,  vol.  x.  p.  389.) 

2.  The  bone-earth  calculus,  first  correctly  analyzed  by  Dr  WoUas- 
ton, consists  of  phosphate  of  lime.  The  surface  of  these  calculi  is  of 
a  pale  brown  colour,  and  .quite  smooth  as  if  they  had  been  polished. 
When  sawed  through  the  middle,  they  are  found  to  be  laminated  in  a 
very  regular  manner,  and  the  layers  in  general  adhere  so  slightly  that 
they  may  be  separated  with  ease  into  concentric  crusts. 

This  calculus,  when  reduced  to  powder,  dissolves  with  facility  in 
dilute  nitric  or  muriatic  acid,  but  is  insoluble  in  potassa.  Before  the 
blowpipe,  it  first  assumes  a  black  colour,  from  the  decomposition  of  a 
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little  tnimal  matter,  end  then  becomea  quite  white,  iindergoiog  no 
further  chtoge  unlen  the  heat  be  very  intense,  when  it  is  fused. 

S.  The  phosphate  of  ammonia  and  maenesia  was  first  described  as 
a  constituent  of  urinary  calculi  by  Dt  WoUaston.  It  rarely  exists 
quite  alone,  because  the  same  state  of  the  urine  which  leads  io  the 
formation  of  this  species,  favours  the  deposition  of  phosphate  of  lime ; 
but  it  is  frequently  the  prevailing  ingredient.  It  often  appears  in  the 
form  of  minute  sparkling  crystals,  diffused  over  the  surface  or  betvireen 
the  interstices  of  other  calculus  laminae. 

Calculi,  in  which  this  salt  prevails,  are  generally  white,  and  less 
compact  than  the  foregoing  species.  When  reduced  to  powder  they 
are  dissolved  by  cold  acetic  acid,  and  still  more  easily  by  the  stronger 
acids,  the  salt  being  thrown  down  unchanged  by  ammonia.  Digested 
in  pure  putassa,  it  emits  an  ammoniacal  odour,  but  it  is  not  dissolved. 
Before  the  blowpipe,  a  smell  of  ammonia  is  given  out,  it  diminishes  in 
size,  and  melts  into  a  white  peaii  with  rather  more  facility  than  phos- 
phate of  lime. 

4.  The  fusible  calculus,  the  nature  of  which  was  first  determined 
by  Dr  WoUaston,  is  a  mixture  of  the  two  preceding  species.  It  is 
commonly  of  a  white  colour,  and  its  fracture  is  usually  ragged  and 
uneven.  It  is  more  friable  than  any  of  the  other  kinds  of  calculus, 
separates  easily  into  layers,  and  leaves  a  while  dust  on  the  fingers. 
These  concretions  are  very  common,  and  sometimes  attain  a  large 
size. 

The  fusible  calculus  is  characterized  by  the  facility  with  which  it 
melts  into  a  pearly  globule,  which  is  sometimes  quite  transparent. 
When  reduced  to  powder,  and  put  into  cold  acetic  acid,  the  phos- 
phate of  ammonia  and  magnesia  is  dissolved,  and  the  phosphate  of 
lime,  almost  the  whole  of  which  is  left,  dissolves  readily  in  muriatic 
acid. 

5.  The  mulberry  calculus,  so  named  from  its  resemblance  to.  the 
fruit  of  the  mulberry,  was  first  proved  to  consist  of  oxalate  of  lime  by 
Dr  WoUaston.  This  concretion  is  sufficiently  characterized  by  its 
dark  coloured  tuberculated  surface  ;  but  it  may  also  be  distinguished 
chemically  by  the  following  properties.  Heated  before  the  blowpipe, 
the  oxalic  acid  is  decomposed,  and  pure  lime  remains,  which  gives  a 
strong  brown  stain  to  moistened  turmeric  paper.  It  is  insoluble  in 
the  alkalies;  but  by  digestion  in  carbonate  of  potassa  it  is  decomposed, 
and  the  insoluble  carbonate  of  lime  is  left.  When  reduced  to  powder 
and  digested  in  muriatic  or  nitric  acid,  a  perfect  solution  is  effected. 
It  is  not  dissolved  by  acetic  acid,  a  circumstance  which  distinguishes 
it  from  the  ammoniaco-magnesian  phosphate  ;  and  it  is  distinguished 
from  phosphate  of  lime  by  being  insoluble  in  phosphoric  acid. 

6.  The  cystic  oxide  was  described  by  its  discoverer  Dr  WoUaston 
in  the  ^Philosophical  Transactions  for  1810.  This  concretion  is  not 
laminated,  but  appears  as  one  uniform  mass,  confusedly  crystallized 
through  its  whole  substance,  havine;  somewhat  the  appearance  of  the 
ammoniaco-magnesian  phosphate,  though  more  compact.  .  Before  the 
blowpipe,  it  emits  a  peculiarly  fetid  smell,  quite  distinct  from  that  of 
uric  acid,  and  is  consumed.  It  is  characterized  by  the  great  variety 
of  reagents  in  which  it  is  soluble.  It  is  dissolved  abundantly  by  the 
muriatic,  nitric,  sulphuric,  and  oxalic  acids ;  by  potassa,  soda,  ammo- 
nia, and  lime-water;  and  even  by  the  neutral  carbonates  of  soda  and 
potassa.  It  is  insoluble  in  water,  alcohol,  bicarbonate  of  ammonia, 
and  in  the  tartaric,  citric,  and  acetic  acids. 

From  the  similarity  which  this  substance  bears  to  certain  oxides  in 
uniting  both  with  acids  and  alkalies,  Dr  WoUaston  termed  it  an  oxide, 
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•nd  gave  it  the  name  of  eystte,  on  the  supposition  of  its  being  pe^ 
culiar  to  the  bladder.  Dr  Marcet,  however,  has  found  it  in  the  Iddney. 

The  cystic  oxide  is  a  rare  species  of  calculus.  In  this  country 
seven  specimens  only  have  been  found ; — two  by  Dr  Woliaston,  two 
by  Dr  Henry,  and  three  by  Dr  Marcet.  Professor  Stromeyer  has  met 
with  two  instances  of  it  in  one  family,  and  in  one  of  the  cases  tha 
cystic  oxide  was  also  detected  in  the  urine.  M.  Lassaigne  has  like- 
wise found  it  in  a  stone  taken  from  the  bladder  of  a  dog.  From  the 
analysis  of  this  chemist,  100  parts  of  cystic  oxide  are  composed  of 
carbon  36.2,  hydrogen  12.8,  oxygen  17,  and  nitrogen  34. 

It  is  remarkable  that  cystic  oxide  is  never  accompanied  with  the 
matter  of  any  other  concretion ;  whereas  the  other  species  are  fre- 
quently met  with  in  the  same  stone.  They  are  sometimes  so  inti- 
mately mixed  that  they  can  be  separated  from  one  another  only  by 
chemical  analysis,  forming  what  is  called  a  compound  calculus ;  but 
more  frequently  the  concretion  consists  of  two  or  more  different  spe- 
cies arranged  in  distinct  alternate  layers.  This  is  termed  the  aUet' 
noting  calculus. 

Besides  the  calculi  just  mentioned,  three  other  species  have  been 
noticed.  Two  of  these  were  described  by  Dr  Marcet  under  the  names 
of  xanthie  oxide  and  fibrinous  calculus,  both  of  which  are  exceed- 
ingly rare.  The  xanthie  oxide  is  of  a  reddish  or  yellow  colour,  is  so- 
luble both  in  acids  and  alkalies,  and  its  solution  in  nitric  acid,  when 
evaporated,  assumes  a  bright  lemon-yellow  tint,  a  property  to  which 
it  owes  its  name,  and  by  which  it  is  characterized.  {(etvBot  yellow.) 
The  fibrinous  calculus  derives  its  name  from  fibrin,  to  which  its  pro- 
perties are  closely  analogous.  The  third  species  consists  chiefly  of 
carbonate  of  lime,  and  is  likewise  of  rare  occurrence. 

From  the  solubility  of  urinary  concretions  in  chemical  menstrua, 
hopes  were  once  entertained  that  reagents  might  be  introduced  into 
the  urine  through  the  medium  of  the  blood,  or  be  at  once  injected  into 
the  bladder,  so  as  to  dissolve  urinary  calculi,  and  thus  supersede  the 
necessity  of  a  painful  operation  which  is  not  void  of  danger.  It  has 
been  found,  however,  that,  for  this  -purpose,  it  would  be  necessary  to 
employ  acid  or  alkaline  solutions  of  greater  strength  than  may  suely 
be  introduced  into  the  bladder,  and  consequently  all  attempts  of  the 
kind  have  been  abandoned.  The  last  suggestion  of  this  nature  was 
made  by  Messrs  Prevost  and  Dumas,  who  propose  to  disunite  the  ele- 
ments of  calculi  by  means  of  galvanism.  This  agent,  however,  though 
it  may  produce  this  effect  out  of  the  body,  will  scarcely,  I  conceive, 
be  found  admissible  in  practice. 


SECTION  vr. 

OJV  THE  SOLID  PARTS  OF  jaJVlMALS. 

Bones,  Horn,  Membranes,  Tendons,  Ligaments, 
Muscle,  fyc 

Bones  consist  of  earthy  salts  and  animal  matter  intimately  blended, 
the  former  of  which  are  designed  for  giving  solidity  and  hardness,  and 
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the  litter  for  •uglutinating  tbe  earthy  particles.  The  animal  enhstan- 
et»  are  chiefly  carHiaj^e,  gelatin,  and  a  peculiar  fatty  matter  called 
marrow.  On  reducing  bones  to  powder,  and  digesting  them  In  water, 
the  fat  rises  and  swims  upon  its  sutface,  while  the  gelatin  is  dissolved. 
B^  digesting  bones  in  dilute  muriatic  acid,  both  the  gelatin  and  earthy 
wits  are  dissolved,  and  the  pure  cartilage  is  left,  which  is  flesrible,  but 
retains  the  original  figure  of  the  bone.  The  cartilage  of  bones  is 
formed  before  the  earthy  matter,  and  constitutes  the  nidus  in  which 
the  latter  is  deposited.  In  its  chemical  properties,  it  is  very  aoalogous 
to  coagulated  albumen. 

When  bones  are  heated  in  close  vessels,  a  large  quantity  of  carbonate 
of  ammonia,  some  fetid  empyreumatic  oil,  and  tlie  usual  inflammable 
gases  pass  over  into  the  recipient ;  while  a  mixture  of  charcoal  and 
earthy  matter,  called  animal  charcoal,  remains  in  the  retort.  If,  on 
the  contrary,  they  are  heated  to  redness  in  an  open  fire,  the  charcoal  is 
consumed,  and  a  pure  white  friable  earth  is  the  sole  residue. 

According  to  the  analysis  of  Berzelius,  100  parts  of  dry  haman 
bones  consist  of  animal  matters  33.3,  phosphate  of  lime  51.04,  car- 
bonate of  lime  11.80,  fluate  of  lime  2,  phosphate  of  magnesia  1.16, 
and  soda,  muriate  of  soda,  and  water  1.2.  Mr  Hatchett  found,  also, 
a  small  quantity  of  sulphate  of  lime  ;  and  Fourcroy  and  Vauquelin 
discovered  traces  of  alumina,  silica,  and  the  oxides  of  iron  and  man- 


Teeth  are  composed  of  the  same  materials  as  bone ;  bnt  the  enamel 
dissolves  completely  in  dilute  nitric  acid,  and  therefore  is  free  from 
cartilage.  From  the  analysis  of  Mr  Pepys,  the  enamel  contains  78 
per  cent  of  phosphate,  and  6  of  carbonate  of  lime,  the  residue  being 
probably  gelatin.  The  composition  of  ivory  is  similar  to  that  of  the 
bony  matter  of  teeth  in  general. 

The  shells  of  eggs  and  the  covering  of  crustaceous  animals,  sach 
as  lobsters,  crabs,  and  the  starfish,  consist  of  the  carbonate  and  a  little 
phosphate  of  lime,  and  animal  matter.  The  shells  of  oysters,  muscles, 
and  other  molluscous  animals  consist  almost  entirely  of  carbonate  of 
lime  and  animal  matter,  and  the.  composition  of  pearl  and  mother  of 
pearl  is  similar. 

Horn  differs  from  bone  in  containing  only  a  trace  of  earth.  It  con- 
sists chiefly  of  gelatin  and  a  cartilaginous  substance  like  coagulated 
albumen.  The  composition  o^the  nails  and  hoofs  of  animals  is  simi- 
lar to  that  of  horn ;  and  the  cuticle  belongs  to  the  same  cldss  of  sub- 
stances. 

Tendons  appear  to  be  composed  almost  entirely  of  gelatin ;  for  they 
are  soluble  in  boiling  water,  and  the  solution  yields  an  abundant  jelly 
on  cooling.  The  composition  of  the  true  skin  is  nearly  the  same  as 
that  of  tendons.  Membranes  and  ligaments  are  t:omposed  chiefly  of 
gelatin,  but  they  also  contain  some  substance  which  is  insoluble  in 
water,  and  is  similar  to  coagulated  albumen. 

Accprding  to  the  analysis  of  Vauquelin,  the  principal  ingredient  of 
hair  is  a  peculiar  animal  substance,  insoluble  in  water  at  212°  F.  but 
which  may  be  dissolved  in  that  liquid  by  means  of  Papin's  digester, 
and  is  soluble  in  a  solution  of  potassa.  Besides  this  substance,  hair 
contains  oil,  sulphur,  silica,  iron,  manganese,  and  the  carbonate  and  ^ 
phosphate  of  lime.  Tbe  colour  of  the  hair  depends  on  that  of  its  oil ; 
and  the  effect  of  metallic  solutions,  such  as  nitrate  of  silveri  in  stain- 
ing the  hair,  is  owing  to  tbe  presence  of  sulphur. 

The  composition  of  wool  and  feathers  appears  analogous  to  tha^ 
of  hair.    The  quill  part  of  the  feather  was  found  by  Mr  Hatchett  to^ 
consist  of  coagulated  albumen. 
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Silk  is  covered  with  a  peculiar  varnish  which  is  soluhle  in  boiling 
water  and  in  alkaline  solutions,  and  amounts  to  about  23  per  cent  of 
the  raw  material.  By  digestion  in  alcohol  it  is  also  deprived  of  a  por* 
tion  of  wax.  The  remaining  fibrous  structure  has  been  exatnined  in 
a  very  imperfect  manner.  By  the  action  of  nitric  acid,  it  is  con- 
verted into  a  yellow  crystalline  substance  of  a  bitter  taste. 

The  flesh  of  animals,  or  musclet  consists  essentially  of  fibrin ;  but 
independently  of  this  principle,  it  contains  several  'other  ingredients, 
such  as  albumen,  gelatin,  a  peculiar  extractive  matter  called  osnui' 
zomCj  fat,  and  salts ;  substances  which  are  chiefly  derived  from  the 
blood,  vessels,  and  cellular  membrane,  dispersed  through  the  muscles. 
On  macerating  flesh,  cut  into  small  fragments,  in  successive  portions 
of  cold  water,  the  albumen,  osmazome,  and  salts  are  dissolved ;  and 
on  boiling  the  solution,  the  albumen  is  coagulated.  From  the  re* 
maining  liquid,  the  osmazome  may  be  procured  in  a  separate  state  by 
evaporating  to  the  consistence  of  an  extract,  and  treating  it  with  cold 
alcohol.  By  the  action  of  boiling  water,  the  gelatin  of  the  muscle  is 
dissolved,  the  fat  melts  and  rises  to  the  surface  of  the  water,  and  pure 
fibrin  remains. 

The  characteristic  odour  and  taste  of  soup  are  owing  to  the  osma- 
zome. This  substance  is  of  a  yellowish-brown  colour,  and  is  dis- 
tinguished from  the  other  animal  principles  by  solubility  in  water  and 
alcohol,  whether  cold  or  at  a  boiling  temperature,  and  by  not  form- 
ing a  jelly  when  its  solution  is  concentrated  by  evaporation.  Like 
gelatin  and  albumen,  it  yields  a  precipitate  with  infusion  oP  nut-galls. 

The  substance  of  the  brain,  nerves,  and  spinal  marrow  differs  from 
that  of  all  other  animal  textures.  The  most  elaborate  analysis  of  cere- 
bral matter  is  by  Vauquelin,  who  found  that  100  parts  of  it  consist  of 
water  80,  albumen  7,  white  fatty  matter  4.53,  red  fatty  matter  0.70, 
osmazome  1.12,  phosphorus  1.5,  and  acids,  salts,  and  sulphur  5.15. 
(Annals  of  Phil.  vol.  i.)  The  presence  of  albumen  accounts  for  the 
partial  solubility  of  the  brain  In  cold  water,  and  for  the  solution  being 
coagulated  by  heat,  acids,  alcohol,  and  by  the  metallic  salts  which 
coagulate  other  albuminous  fluids.  /  By  acting  upon  cerebral  matter 
with  boiling  alcohol,  the  fatty  principles  and  osmazome  are  dissolved, 
and  the  solution  in  cooling  deposites  the  white  fatty  matter  in  the 
form  of  crystalline  plates.  On  expelling  the  alcohol  by  evaporation, 
and  treating  the  residue  with  cold  alcohol,  the  osmazome  is  taken  up^ 
and  a  fixed  oil  remains  of  a  reddish-brown  colour,  and  an  odour  like 
that  of  the  brain  itself,  though  much  stronger.  These  two  species  of 
fat  differ  little  from  each  other,  and  both  yield  phosphoric  acid  when 
deflagrated  with  nitre. 


SECTION  VII. 

OJV  PXITREFACTIOJ^. 

When  dead  animal  matter  is  exposed  to  air,  moisture,  and  a  moderate 
temperature,  it  speedily  runs  into  putrefaction,  during  which  every  trace 
of  its  original  texture  disappears,  and  products  of  a  very  offensive  na- 
ture are  generated.    The  presence  of  air,  by  affording  oxygen,  acce- 
|4erates  the  change;  but  the  conditions  which  may  be  regarded  as 
^essential  to  it,  are  moisture  and  a  certain  temperature,  causes  which 
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opMife  in  the  Mine  manner  as  in  the  putrefaction  of  Tegetable  mat- 
ter. The  most  favoumble  temperature  is  from  60°  to  80°  or  90**  Fahr. 
Below  50**  the  process  takes  place  tardily,  and  at  32°  it  is  wholly  ar- 
rested ; — a  fact,  which  is  clearly  evinced  by  the  circumstance  that 
the  bodies  of  animals,  which  have  been  buried  in  snow  or  ice,  are 
found  unchaoeed  after  a  long  series  of  years.  The  necessity  of  a  cer- 
tain degree  or  moisture  is  shown  by  the  facility  with  which  the  most 
perishable  substances  may  be  preserved  when  quite  dry.  The  preser- 
▼ation  of  smoked  meat  is  chiefly  owing  to  this  cause;  and,  for  a  like 
leason,  animals  buried  in  the  dry  sand  of  Arabia  and  Egypt  have  re- 
mained for  years  without  change. 

For  reasons  formerly  mentioned,  animal  matters  commonly  undergo 
putrefaction  more  readily  than  those  which  are  derived  from  the  Teg- 
etable  kingdom,  (page  423) ;  but  they  are  not  all  equally  disposed  to 
putrefy.  The  acid  and  fatty  principles  are  less  liable  to  this  change 
than  urea,  fibrin,  and  other  analogous  substances.  The  chief  pro- 
ducts to  which  their  dissolution  gives  rise  are  water,  ammonia,  car- 
bonic acid,  and  sulphuretted,  phosphnretted,  and  earburetted  hydro* 
gen  gases. 
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PART    IV. 


M^ALYTICAL  CHEMISTRY. 

TO  enter  ioto  a  detailed  account  of  experimental  and  analytical 
chemistry,  is  aftogether  inconsistent  with  the  design  and  limits 
of  the  present  work.  My  sole  object  in  this  department  is  to  give  a^ 
few  concise  directions  for  conducting  some  of  the  more  common  ana- ' 
lyticai  processes ;  and  in  order  to  render  them  mote  generally  useful, 
1  shall  give  examples  of  the  analysis  of  mixed  gases,  of  minerals,  and 
of  mineral  waters. 


SECTION  I. 

jSLATjILTSIS  of  mixed  QjiSES. 

Analysis  ofAvr  or  of  Gaseous  Mixtures  containing Oxygen.'—Ot 
the  various  processes  by  which  oxygen  gas  may  be  withdrawn  firom 
gaseous  mixtures,  and  its  quantity  determined,  none  are  so  conve- 
nient and  precise  as  the  method  by  means  of  hydrogen  gas.  In  per- 
forming this  analysis,  a  portion  of  atmospheric  air  is  carefully  mea- 
sured in  a  graduated  tube,  and  mixed  with  a  quantity 
of  hydrogen  gas  which  is  rather  more  than  sufficient 
for  uniting  with  all  the  oxygen  present.  The  mixture 
is  then  introduced  into  a  strong  glass  tuoe  called 
Volta's  eudiometer,  shown  in  the  annexed  wood-cut, 
and  is  inflamed  by  the  electric  spark,  the  aperture  of 
the  tube^ being  closed  by  the  thumb  at  the  moment  of 
detonation.  The  total  diminution  in  volume,  divided 
by  three,  indicates  the  quantity  of  oxygen  originally 
contained  in  the  mixture.  This  operation  may  i^  per-  - 
formed  in  a  trough  either  of  water  or  mercury. 

Instead  of  electricity,  spongy  platinum  may  be  employed  for  cans* 
ing  the  union  of  oxygen  and  hydrogen  gases ;  and  while  its  fndications 
are  very  precise,  it  has  the  advantage  of  producing  the  effect  gradually 
and  without  detonation.  The  most  convenient  mode  of  employing  it 
with  this  intention  is  the  following.  A  mixture  of  sponsy  platinum 
and  pipe-clay,  in  the  proportion  of  about  three  parts  of  the  fermer  to 
one  of  the  latter,  is  made  into  a  paste  with  water,  and  then  rolled  be- 
tween the  fingers  into  a  globular  form.  In  order  to  preserve  the 
spongy  texture  of  the  platinum,  a  little  muriate  of  ammonia  is  mixed 
with  the  paste ;  and  when  the  ball  has  become  dry,  it  to  cautiously  ig- 
nited at  the  flame  of  a  spirit  lamp.    The  sal  ammoniac,  escaping  from 
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tn  parts  of  the  ma«s,  gives  it  a  degree  of  porosity  which  is  peculiarly 
Avourable  to  its  action.  The  ball,  thus  prepared,  should  be  protect- 
ed from  dost,  and  be  heated  to  reduess  just  before  being  used.  To 
insure  accuracy,  the  hydrogen  employed  should  be  kept  over  mercury 
for  ft  few  hours  in  contact  with  a  platinum  ball  and  a  piece  of  caustic 
potassa.  The  first  deprives  it  of  traces  of  oxygen  which  it  commonly 
contains,  and  the  second  of  moisture  and  sulphuretted  hydrogen. 
The  anslysis  must  be  performed  in  a  mercurial  trough.  The  time  re- 
quired for  completely  removing  the  oxygen  depends  on  the  diameter 
of  the  tube.  If  the  mixture  is  contained  in  a  very  narrow  tube,  the  dimi- 
nution does  not  arrive  at  its  full  extent  in  less  than  twenty  minutes 
or  half  an  hour ;  while  in  a  vessel  of  an  inch  in  diameter,  the  effect 
is  complete  in  the  course  of  five  minutes. 

Mode  of  determining  the  Quantity  of  JSTitrogen  in  Gaseout 
Mixtures, — As  atmospheric  air,  which  has  been  deprived  of  moisture 
and  carbonic  acid,  consists  of  oxygen  and  nitrogen  only,  the  propor- 
tion of  the  latter  is  of  course  known  as  soon  as  that  of  the  former 
is  determined.  The  only  method,  indeed,  by  which  chemists  are 
enabled  to  estimate  the  quantity  of  this  gas,  is  by  withdrawing  the 
other  gaseous  substances  with  which  it  is  mixed. 

Mode  of  determining  the  Quantity  of  Carbonic  Add  in  Gaseous 
Mixtures. — When  carbonic  acid  is  the  only  acid  eas  which  is  present, 
as  happens  in  atmospheric  air,  in  the  ultimate  ansJysis  of  organic  com« 
pounds,  and  in  most  other  analogous  researches,  the  process  for  de- 
termining its  quantity  is  exceedingly  simple ;  for  it  consists  merely  in 
absorbing  that  gas  by  lime-water,  or  a  solutiou  of  caustic  potassa. 
This  is  easily  done  in  the  course  of  a  few  minutes  in  an  ordinary 
graduated  tube ;  or  it  may  be  effected  almost  instantaneously  by  agita- 
ting the  gaseous  mixture  with  the  alkaline  solution  in 
Hope's  eudiometer.  This  apparatus,  as  represented  in  the 
figure,  is  formed  of  two  parts;  the  bottle  A,  capable  of 
containing  about  twenty  drachms  of  fluid,  and  furnished 
with  a  well-ground  stopper  C ;  and  of  the  tube  B,  of  the 
capacity  of  one  cubic  inch,  divided  into  100  equal  parts, 
and  accurately  fitted  by  grinding  to  the  neck  of  the  bot- 
tle. The  tube,  full  of  gas,  is  fixed  into  the  bottle, 
previously  filled  with  lime-water,  and  its  contents  are 
briskly  agitated.  The  stopper  C  is  then  withdrawn  under 
water,  when  a  portion  of  liquid  rushes  into  the  tube,  sup- 
plying the  place  of  the  gas  which  has  disappeared  ;  and 
the  process  is  afterwards  repeated,  as  long  as  any  absorp- 
tion ensues. 

The  eudiometer  of  Dr  Hope  was  originally  designed 
for  analyzing  air  or  other  similar  mixtures,  the  bottle  be- 
ing filled  with  a  solution  of  the  hydrosulphuret  of  potas- 
sa or  lime,  or  some  liquid  capable  of  absorbing  oxygen. 
To  the  employment  of  this  apparatus  it  has  been  objected, 
that  the  absorption  is  rendered  slow  by  the  partial  vacu- 
um which  is  continually  taking  place  within  it,  an  incon- 
venience particularly  felt  towards  the  close  of  the  process, 
in  consequence  of  the  eudiometric  liquor  being  diluted  by 
the  admission  of  water.  To  remedy  this  defect,  Dr 
Henry  has  substituted  a  bottle  of  elastic  gum  for  that  of 
glass,  as  in  the  annexed  wood-cut,  by  which  contrivance 
no  vacuum  can  occur.  From  the  improved  method  of 
analyzing  air,  however,  this  instrument  is  now  rarely  em- 
ployed in  eudiometry ;  but  it  may  be  used  with  advantage 
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for  absorbing  carbonic  acid  or  similar  gases,  and  is  particularly  useful 
for  the  purpose  of  demonstration. 

Mode  of  analyzing  Mixtures  of  Hydrogen  and  other  Inflamma' 
ble  Gases.— When  hydrogen  is  mixed  with  nitrogen,  air,  or  other 
similar  gaseous  mixtures,  its  quantity  is  easily  ascertained  by  causing 
it  to  combine  with  oxygen,  either  by  means  of  platinum,  or  the  elec- 
tric spark.  If,  instead  of  hydrogen,  any  other  combustible  substance, 
such  as  carbonic  oxide,  light  carburetted  hydrogen,  or  olefiant  gas,  is 
mixed  with  nitrogen,  the  analysis  is  easily  effected  by  adding  a  suffi- 
cient  quantity  of  oxygen,  and  detonating  the  mixture  by  electricity. 
The  diminution  In  volume  indicates  the  quantity  of  hydrogen  contained 
in  the  gas,  and  from  the  carbonic  acid,  which  may  then  be  removed 
by  an  alkali,  the  quantity  of  carbon  is  inferred*. 


*  It  is  not  easy  to  perceive  how  the  diminution  in  volume  will  indi- 
cate the  quantity  of  hydrogen  contained  in  the  gas.  IfDr  Turner 
means  that  in  cases  of  the  mixture  of  free  hydrogen,  either  with  nitro- 
gen or  air,  that  explosion  with  an  excess  of  oxygen  will  indicate  the 
quantity  of  hydrogen  present,  by  the  diminution  in  volume,  it  being 
two-thirds  of  that  diminution,  the  fact  is  readily  admitted ;  but  with 
regard  to  the  other  supposed  mixtures,  the  rule  given  is  obviously  in- 
exact. Not  to  speak  of  the  case  of  carbonic  oxide,  which  is  evidently 
inapplicable,  as  that  gas  contains  no  hydrogen,  it  will  be  found  on 
examination,  that  where  either  light  carburetted  hydrogen,  or  olefiant 
gas  is  mixed  with  nitrogen,  no  conclusion  can  be  drawn  from  the 
diminution  of  volume ;  and  for  this  reason,  that  in  these  combustible 
gases,  the  hydrogen  exists  already  condensed ;  and  besides  it  is  im- 
possible to  know  beforehand  how  much  of  the  oxygen  may  be  ex* 
pended  in  the  formation  of  carbonic  acid. 

In  the  case  of  a  mixture  of  nitrogen  and  light  carburetted  hydrogen, 
the  experimenter  being  certain  that  no  other  gas  is  present,  it  would 
be  easy  to  ascertain  the  quantity  of  the  latter.  All  that  would  be  ne- 
cessary to  be  done,  would  be  to  explode  the  mixture  with  an  excess 
of  oxygen,  measure  the  carbonic  acid  formed,  deduce  the  carbon  pre* 
sent  in  it,  and  calculate  how  much  hydrogen  the  carbon  would  re- 
quire to  convert  it  into  light  carburetted  hydrogen.  By  proceeding  in 
a  similar  manner,  a  mixture  of  nitrogen  and  olefiant  gas  might  be 
analyzed. 

Where  the  mixture  consists  of  nitrogen  and  carbonic  oxide,  the 
volume  of  the  carbonic  acid  formed  will  indicate  the  volume  of  this 
oxide. 

If  a  mixture  is  supposed  of  nitrogen,  carbonic  oxide,  light  carbu- 
retted hydrogen,  olenant  gas,  and  free  hydrogen,  the  analysis  is  some- 
what complicated.  The  first  step  will  be  the  removal  of  the  olefiant 
1^  by  the  method  of  Dr  Henry,  by  means  of  chlorine.  The  next  ii 
to  determine  the  precise  quantity  of  oxygen  necessary  for  the  com- 
plete combustion  of  the  residue.  This  is  ascertained  by  detonating 
the  mixture  with  an  excess  of  oxygen,  absorbing  the  carbonic  aeid 
formed,  and  analyzing  the  new  residue  (which  necessarily  consists  of 
nitrogen  and  the  excess  of  oxygen)  by  means  of  hydrogen.  The  oxy- 
gen in  excess,  thus  ascertained,  being  deducted  from  the  whole  quan- 
tity employed,  will  give  the  amount  expended  in  the  explosion.  The 
quantity  of  carbonic  acid  formed  will  give  the  quantity  of  carbon  in 
the  mixture,  and  this  amount,  together  with  the  weight  of  the  nitro- 
gen, deducted  from  the  total  weight  of  the  gas  after  the  removal  of 
the  olefiant  gu,  will  give  the  weight  of  the  oxygen  and  hydrogen 
V  V 
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An  elef|;ant  mode  of  converting  carbonic  oxide  into  carbonic  acfd 
gu,  suggested  by  Dr  Henry,  is  to  mix  it  with  rather  more  than  its 
own  volume  of  nitrous  oxide  gas,  and  fire  the  mixture  by  the  electric 
spark.  The  two  gases  mutually  decompose  each  other,  and*  give  rise 
to  nitrogen  and  carbonic  acid  gases.  For  each  measure  of  carbonic 
oxide»  one  of  cart>onic  acid  is  produced,  one  measure  of  nitrous  oxide 
is  decomposed,  and  one  of  nitrogen  evolved.  By  employing  a  slight 
excess  of  pure  carbonic  oxide,  the  composition  of  nitrous  oxide  may 
be  ascertained.  The  mixed  gases  occupy  the  same  space  after  defla- 
gration as  before  it ;  and  the  carbonic  acid  gas  occupies  the  same  space 
as  the  nitrous  oxide,  which  had  been  present.  (Annals  of  Philosophy, 
xxiv.  801.) 

When  olefiant  gas  is  mixed  with  other  inflammable  gases,  its  quan- 
tity is  easily  determined  by  an  elegant  and  simple  process  proposed  by 
Dr  Henry.  (Page  236.)  It  consists  in  mixing  100  measures,  or  any 
convenient  quantity  of  the  gaseous  mixture,  with  an  equal  volume  of 
chlorine  in  a  vessel  covered  with  a  piece  of  cloth  or  paper,  so  as  to 
protect  it  from  light ;  and  after  an  interval  of  about  ten  minutes,  the 
excess  of  chlorine  is  removed  by  lime-water  or  potassa.  The  loss  ex- 
perienced by  the  gas  to  be  analyzed,  indicates  the  exact  quantity  of 
olefiant  gas  which  it  had  contained. 

This  method  is  not  correct  when  the  vapours  of  the  dense  hydro- 
carburets  are  present.  Thus  when  oil  gas  is  mixed  with  chlorine,  the 
diminution  in  volume  arises  from  the  removal  of  the  combustible  va- 
pours as  well  as  of  olefiant  gas ;  for  the  former  are  equally  disposed 
as  the  latter  to  unite  with  chlorine. 

In  mixtures  of  hydrogen,  carburetted  hydrogen,  and  carbonic  oxide, 
the  analytic  process  is  exceedingly  difficult  and  complicated,  and  re- 
quires all  the  resources  of  the  most  refined  chemical  knowledge,  and 
ail  the  address  of  an  experienced  analyst.  The  most  recent  informa- 
tion en  this  subject  will  be  found  in  Dr  Henry's  Essay  in  the  Philo- 
sophical Transactions  for  1S24. 

present.  The  oxygen  in  the  carbonic  acid  formed,  deducted  from 
that  expended  in  the  explosion,  will  give  the  oxygen  which  has  been 
expended  in  the  formation  of  water ;  and  this  oxygen,  added  to  the 
oxygen  and  hydrogen  present  in  the  gas,  will  give  the  weight  of  the 
water  formed.  From  the  weight  of  the  water,  the  hydrogen  present  in  it 
may  be  inferred,  and  this  deducted  from  the  aggregate  weight  of  the 
oxygen  and  hydrogen  in  the  gas,  will  give  the  weight  of  the  oxygen 
present.  This  oxygen,  by  the  supposition,  must  have  existed  in  the 
carbonic  oxide  ;  and  by  calculation,  the  quantity  of  carbon  it  would 
require  to  be  converted  into  that  oxide  may  be  ascertained.  This 
carbon  deducted  from  the  total  carbon  in  the  mixture,  will  give  that 
present  in  the  light  carburetted  hydrogen.  The  carbon  being  ascer- 
tained in  this  gas,  its  hydrogen  may  be  inferred.  This  hydrogen  de- 
ducted from  the  total  hydrogen  present,  will  then  give  the  free  hydro- 
gen. B. 
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SECTION  II. 

AjYALYSIS  of  MIJSTERJILS, 

As  the  very  extensive  nature  of  this  department  of  analytical  che- 
mistry renders  a  selection  necessary,  I  shall  confine  my  remarks  solely 
to  the  analysis  of  those  earthy  minerals,  with  which  the  beginner 
usually  commences  his  labours.  The  most  common  constituents  of 
these  compounds  are  silica,  alumina,  iron,  manganese,  lime,  magnesia, 
potassa,  soda,  and  the  carbonic  and  sulphuric  acids  ;  and  1  shall,  there- 
fore, endeavour  to  give  short  directions  for  determining  the  quantity 
of  each  of  these  substances. 

In  attempting  to  separate  two  or  ipore  fixed  principles  from  each 
other,  the  first  object  of  the  anaJytical  chemist  is' to  bring  them  into  a 
state  of  solution.  If  they  are  soluble  in  water,  this  fluid  is  preferred 
to  every  other  menstruum  ;  but  if  not,  an  acid  or  any  convenient  sol- 
vent may  be  employed.  In  many  instances,  however,  the  substance 
to  be  analyzed  resists  the  action  even  of  the  acids,  and  in  that  case  the 
following  method  is  adopted : — The  compound  is  first  crushed  by 
means  of  a  hammer  or  steel  mortar,  and  is  afterwards  reduced  to  an 
impalpable  powder  in  a  mortar  of  agate :  it  is  then  intimately  mixed 
with  three,  four,  or  more  times  its  weight  of  potassa,  soda,  baryta,  or 
their  carbonates ;  and,  lastly,  the  mixture  is  exposed  in  a  crucible  of 
silver  or  platinum  to  a  strong  heat.  During  the  operation,  the  alkali 
combines  with  one  or  more  of  the  constituents  of  the  mineral ;  and, 
consequently,  its  elements  being  disunited,  it  no  longer  resists  the  ac- 
tion of  the  acids.  ^ 

Analysis  of  Marble  or  Carbonate  of  Lime. — This  analysis  is  easily 
-made  by  exposing  a  known  quantity  of  marble  for  about  half  an  hour 
t^)  a  full  white  heat,  by  which  means  the  carbonic  acid  gas  is  entirely 
expelled,  so  that  by  the  loss  in  weight  the  quantity  of  each  ingredient, 
supposing  the  marble  to  have  been  pure,  is  at  once  determined.  In 
order  to  ascertain  that  the  whole  los8*is  owing  to  the  escape  of  car- 
bonic acid,  the  quantity  of  this  gas  may  be  determined  by  a  compara- 
tive analysis.  Into  a  small  flask  containing  muriatic  acid  diluted  with 
(wo  or  three  parts  of  water,  a  known  quantity  of  marble  is  gradually 
added,  the  flask  being  inclined  to  one  side  in  order  to  prevent  the  fluid 
from  being  flung  out  of  the  vessel  during  the  effervescence.  The 
diminution  in  weight  experienced  by  the  flask  and  its  contents,  indi- 
cates the  quantity  of  carbonic  acid  which  has  been  expelled. 

Should  the  carbonate  suffer  a  greater  loss  in  the  fire  than  when  de- 
composed by  an  acid,  it  will  most  probably  be  found  to  contain  water. 
This  may  be  ascertained  by  heating  a  piece  of  it  to  redness  in  a  glass 
tube,  the  sides  of  which  will  be  bedewed  with  moisture,  if  water  is 
present.  Its  quantity  may  be  determined  by  causing  the  watery  va- 
pour to  pass  through  a  weighed  tube  filled  with  fragments  of  the  chlo- 
ride of  calcium,  by  which  the  moisture  is  absorbed. 

Separation  of  Lime  and  Magnesia, — The  more  common  kinds  of 
carbonate  of  lime  frequently  contain  traces  of  siliceous  and  aluminous 
earths,  in  consequence  of  which  they  are  not  completely  dissolved  in 
dilute  muriatic  acid.  A  very  frequent  source  of  impurity  is  carbonate 
of  magnesia,  which  is  often  present  in  such  quantity  that  it  forms  a  pe- 
culiar compound  caUed  n^agntiian  Umeitone.    The  analysts  of  this 
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substance,  so  far  as  respects  carbonic  acid,  is  the  same  as  that  of  mar- 
ble. The  separation  of  the  two  earths  may  be  conveniently  effected 
in  the  following  manner.  The  solution  of  the  mineral  in  muriatic  acid 
is  evaporated  to  perfect  dryness  in  a  flat  dish  or  eapstUe  of  porcelain, 
and  after  redissolving  the  residuum  in  a  moderate  quantity  of  distilled 
water»  a  solution  of  the  oxalate  of  ammonia  is  added  as  long  as  a  pre- 
cipitate ensues.  The  oxalate  of  lime  is  then  allowed  to  subside,  col- 
lected on  a  filter,  converted  into  quicklime  by  a  white  heat,  and 
weighed ;  or  the  oxalate  may  be  decomposed  by  a  red  heat,  and  after 
moistening  the  resulting  carbonate  with  a  strong  solution  of  carbonate 
of  ammonia,  in  order  to  supply  any  particles  of  quicklime  with  carbonic 
acid,  it  should  be  dried,  heated  to  low  redness,  and  regarded  as  pure 
carbonate  of  lime.  To  the  filtered  liquid,  containing  the  magnesia,  an 
excess  of  carbonate  of  ammonia,  and  then  phosphate  of  soda  is  added, 
when  the  magnesia  in  the  form  of  the  ammoniaco- phosphate  is  preci- 
pitated. Of  this  precipitate,  heated  to  redness,  100  parts,  according 
to  Stromeyer,  correspond  to  37  of  pure  magnesia. 

Earthy  Sulphatea, — The  most  abundant  of  the  earthy  sulphates  is 
that  of  lime.  The  analysis  of  this  compound  is  easily  effected.  By 
boiling  it  for  fifteen  or  twenty  minutes  with  a  solution  of  twice  its 
weight  of  carbonate  of  soda,  double  decomposition  ensues ;  and  the 
carbonate  of  lime,  after  being  collected  on  a  filter  and  washed  with 
hot  water,  is  either  heated  to  low  redness  to  expel  the  water,  and 
weighed,  or  at  once  reduced  to  quicklime  by  a  white  heat.  Of  the 
dry  carbonate,  fifty  parts  correspond  to  twenty-eight  of  lime.  The 
alkaline  solution  is  acidulated  with  muriatic  acid,  and  the  sulphuric 
acid  thrown  down  by  muriate  of  baryta.  From  the  sulphate  of  this 
earth,  collected  and  dried  at  a  red  heat,  the  quantity  of  acid  may  easily 
be  estimated. 

The  method  of  analyzing  the  sulphates  of  strontia  and  baryta  is 
somewhat  different.  As  these  salts  are  difficult  of  decomposition  in 
the  moist  way,  the  following  process  is  adopted.  The  sulphate,  in 
fine  powder,  is  mixed  with  three  times  its  weight  of  carbonate  of  soda, 
and  the  mixture  heated  to  redness  in  a  platinum  crucible  for  the  space 
of  an  hour.  The  ignited  mass  is  then  digested  in  hot  water,  and  the 
insoluble  earthy  carbonate  collected  on  a  filter.  The  other  parts  of 
the  process  are  the  same  as  the  foregoing. 

Mode  of  analyzing  Compounds  of  SUiea,  Jllumina^  and  Iron, — 
Minerals,  thus  constituted,  are  decomposed  by  an  alkaline  carbonate, 
at  a  red  beat,  in  the  same  manner  as  sulphate  of  baryta.  The  mixture 
is  afterwards  digested  in  dilute  muriatic  acid,  by  which  means  all  the 
ingredients  of  the  mineral,  if  the  decomposition  is  complete,  are  dis- 
solved. The  solution  is  next  evaporated  to  dryness,  the  heat  being 
carefully  regulated  towards  the  close  of  the  process,  in  order  to  prevent 
any  of  the  chloride  of  iron,  the  volatility  of  which  is  considerable,  from 
being  dissipated  in  vapour.  By  this  operation,  the  silica,  though  pre- 
viously held  in  solution  by  the  acid,  is  entirely  deprived  of  its  solubi- 
lity ;  so  that  on  digesting  the  dry  mass  in  water  acidulated  with  ma- 
riatic  acid,  the  alumina  and  iron  are  taken  up,  and  the  silica  is  left  la 
a  state  of  purity.  The  siliceous  earth,  after  subsiding,  is  collected  on 
a  filter,  carefully  edulcorated,  heated  to  redness,  and  weighed. 

To  the  clear  liquid,  containiog  peroxide  of  iron  and  alumina,  a  so- 
lution of  pure  potassa  is  added  in  moderate  excess ;  so  as  not  only  to 
throw  down  those  oxides,  but  to  dissolve  the  alumina.  The  perox- 
ide of  iron  is  then  collected  on  a  filter,  edulcorated  carefully  until  the 
washings  cease  to  have  an  alkaline  reaction,  and  is  well  dried  on  a 
sand  bath.    Of  this  hydrated  peroxide,  forty.Qine  parts  contain  forty 
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of  anhydrous  peroxide  of  iron.  But  the  most  accurate  mode  of  de- 
termioing  its  quantity  is  by  expelling  the  water  by  a  red  heat.  T\^ 
operation,  however,  should  be  doue  with  care;  since  any  adhering 
prticles  of  paper,  or  other  combustible  matter,  would  bring  the  iron 
into  the  state  of  black  oxide,  a  change  which  is  known  to  have  oc- 
curred by  the  iron  being  attracted  by  a  magnet. 

To  procuris  the  alumina,  the  liquid  in  which  it  is  dissolved  is  boiled 
with  sal  ammoniac,  when  the  muriatic  acid  unites  with  the  potassa, 
the  volatile  alkali  is  dissipated  in  vaj)Our,  and  the  alumina  subsides. 
As  soon  as  the  solution  is  thus  rendered  neutral,  the  hydrous  alumina 
is  collected  on  a  filter,  dried  by  exposure  to  a  white  &eat,  and  quickly 
weighed  after  removal  from  the  fire. 

Separation  of  Iron  and  Manganese. — A  compound  of  these 
metals  or  their  oxides  may  be  dissolved  in  muriatic  acid.  If  the  iron 
is  in  a  large  proportion  compared  with  the  manganese,  the  following 
process  may  be  adopted  with  advantage.  To  the  cold  solution,  con- 
siderably diluted  with  water,  and  acidulated  with  muriatic  acid,  car- 
bonate of  soda  is  gradually  added,  and  the  liquid  is  briskly  stirred  with 
a  glass  •  rod  during  the  efiervescence,  in  order  that  it  may  become 
highly  charged  with  carbonic  acid.  By  neutrallxing  the  solution  in 
this  manner,  it  at  length  attains  a  point  at  which  the  peroxide  of  iron 
is  entirely  deposited,  leaving  the  liquid  colourless ;  while  the  man- 
ganese, by  aid  of  the  free  carbonic  acid,  is  kept  in  solution.  The 
iron,  after  subsiding,  is  collected  on  a  filter,  and  its  quantity  deter- 
mined in  the  usual  manner.  The  filtered  liquid  is  then  boiled  with 
an  excess  of  the  carbonate  of  soda ;  and  the  precipitated  carbonate  of 
manganese  is  collected,  heated  to  full  redness  in  an  open  crucible,  by 
which  it  is  converted  into  the  red  oxide,  and  weighed.  This  method 
|s  one  of  some  delicacy ;  but  in  skilful  hands  it  affords  a  very  accu- 
rate result.  It  may  also  be  employed  for  separating  iron  from  mag- 
nesia and  lime  as  welt  as  from  manganese. 

But  if  the  proporfion  of  iron  is  small  compared  with  that  of  man- 
ganese, the  best  mode  of  separating  it  is  by  succinate  of  ammonia  or 
soda,  prepared  by  neutralizing  a  solution  of  succinic  acid  with  either 
of  those  alkalies.  That  this  process  should  succeed,  it  is  necessary 
that  the  iron  be  wholly  in  a  state  of  peroxide,  that  the  solution  be  ex- 
actly neutral,  which  may  easily  be  insured  by  tho  cautious  use  of  am- 
monia, and  that  the  reddish-brown  coloured  succinate  of  iron  be 
washed  with  cold  water.  Of  this  succinate,  well  dried  at  a  tempera- 
ture of  212°  F,  9.0  parts  correspond  to  40  of  the  peroxide.  From  the 
filtered  liquid,  the  manganese  may  be  precipitated  at  a  boiling  tem- 
perature by  carbonate  of  soda,  and  its  quantity  determined  in  the  way 
above  mentioned.  The  benzoate  may  be  substituted  for  the  succinate 
of  ammonitf  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intended  to 
precipitate  iron  by  means  of  the  alkalies,  the  succinates,  or  beozoates, 
it  is  essential  that  this  metal  be  in  the  maximum  of  oxidation.  It  is 
easily  brought  into  this  state  by  digestion  with  a  little  nitric  acid. 

Separation  of  Manganese  from  JUme  and  Magnesia, — If  the 
quantity  of  the  former  be  proportionally  small,  it  is  precipitated  as  a 
■ulphnret  by  the  hydrosulphuret  of  ammonia  or  potassa.    This  sul- 

Shuret  is  then  dissolved  in  muriatic  acid,  and  the  manganese  thrown 
own  aa  usual  by  means  of  an  alkali.  But  if  the  manganese  be  the 
chief  ingredient,  the  best  method  is  to  precipitate  it  at  once,  together 
with  the  two  earths,  by  a  fixed  alkaline  carbonate  at  a  boiling  tem- 
perature. The  precipitate,  after  being  exposed  to  a  low  red  heat  and 
weighed,  is  put  into  cold  water  acidulated  with  a  drop  or  two  of  nitric 
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teid,  when  the  lime  and  magpeiia  wil!  be  alew ly  diisolved  with  effier- 
TMeence.  Sbould  a  trace  or  the  maDgaDese  be  likewise  taken  ups  it 
nJh  easily  be  tbrown  down  by  the  bydrosulphuret  of  ammonia. 

Mode  of  analyzing  an  Earthy  Mineral^  containing  Silica^  iron, 
JUuminOf  Manganese,  Idme,  and  Magnetiq. — The  mineral,  redaced 
to  fine  powder,  is  ignited  with  three  or  four  times  its  weight  of  car- 
bonate of  potassa  or  soda,  the  mass  is  taken  up  in  dilute  mfuiiatic  acid, 
and  the  silica  separated  in  the  way  already  described.  To  the  solu- 
tion, thus  freed  from  silica,  and  duly  acidulated,  carbonate  of  soda,  or 
still  better  the  bicarbonate,  is  gradually  added,  so  as  to  charge  the  li- 
ouid  with  carbonie  acid,  as  in  the  analysis  of  iron  and  manganese.  In 
this  manner  the  iron  and  alumina  are  alone  precipitated,  substances, 
which  may  be  separated  from  each  other  by  means  of  pure  potassa. 
(Page  544.)  The  maogauese,  lime,  and  magnesia,  may  be  determined 
by  Uie  processes  already  described. 

Jinalysii  of  Miner aU  containing  a  Fixed  Jllkali. — When  the  ob- 
jectis  to  determine  the  quantity  of  fixed  alkali,  such  as  potassa  or  soda, 
it  is  of  course  necessary  to  abstain  from  the  employment  of  these  re- 
agents in  the  analysis  itself;  and  the  beginner  will  do  well  to  devote 
his  attention  to  the  alkaline  ingredients  only.  On  this  supposition, 
he  will  proceed  in  the  following  manner.  The  mineral  is  reduced  to 
a  very  fine  powder,  mixed  intimately  with  six  times  its  weight  of  the 
artificial  carbouate  of  baryta,  and  exposed  for  an  hour  to  a  white 
heat.  The  ignited  mass  is  dissolved  in  dilute  muriaiic  acid,  and  the 
solution  evaporated  to  perfect  dryneu.  The  soluble  parts  are  taken 
vp  in  hot  water ;  an  excess  of  the  carbonate  of  ammonia  is  added ;  and 
the  insoluble  matters,  consisting  of  silica,  carbonate  of  baryta,  and  all 
the  constituents  of  the  mineral,  excepting  the  fixed  alkali,  are  collect- 
ed on  a  filter.  The  clear  solution  is  evaporated  to  dryness  in  a  por- 
celain capsule,  and  the  dry  mass  is  heated  to  redness  in  a  crucible  of 
platinum,  in  order  to  expel  the  salts  of  ammonia.  The  residue  is  the 
chloride  of  potassium  or  sodium. 

In  this  analysis,  it  generally  happens  that  traces  of  manganese,  and 
sometimes  of  iron,  escape  precipitation  in  the  first  part  of  the  process ; 
and,  in  that  case,  they  sbould  be  thrown  down  by  hydrosulphuret  of 
ammonia.  If  neither  lime  nor  magnesia  is  present,  the  alumina,  iron, 
and  manganese,  may  be  separated  by  pure  ammonia,  and  the  baryta 
subsequently  removed  by  the  carbonate  of  that  alkali.  By  this  me- 
thod the  carbonate  of  baryta  is  recovered  in  a  pure  state,  and  may  be 
reserved  for  another  analysis.  The  baryta  may  also  be  thrown  down 
as  a  sulphate  by  sulphuric  acid,  in  which  case,  the  soda  or  potassa  is 
procured  in  combination  with  that  acid. 

The  analysis  is  attended  with  considerable  inconvenience,  when 
magnesia  happens  to  be  present;  because  this  earth  is  not  completely 
precipitated  either  by  ammonia  or  its  carbonate ;  and,  therefore,  some 
of  it  remains  with  the  fixed  alkali.  The  best  mode  with  which  I  am 
acquainted  for  effecting  its  separation,  is  the  followlog.  The  carbon- 
ate of  ammonia  is  first  added,  and  the  phosphoric  acid  is  dropped  into 
the  liquid,  until  all  the  magnesia  is  thrown  down  in  the  form  of  am- 
moniaco-magnesian  phosphate.  The  excess  of  phosphoric  acid  is  af- 
terwards removed  by  acetate  of  lead,  and  that  of  lead  by  sulphuretted 
hydrogen.  The  acetate  of  the  alkali  is  then  brought  to  dryness,  ig- 
nited, and  by  the  addition  of  sulphate  of  ammonia  converted  into  a 
sulphate. 

In  the  preceding  account,  several  operations  have  been  alluded  to, 
which,  from  their   importance,   deserve  more  particular   mention. 
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The  process  of  filtering,  for  example,  is  one  on  which  the      "Wf 
success  of  analyses  materially  depends.  Filtration  is  effect-         j^ 
ed  by  means  of  a  glass  funnel  B,  into  which  a  filter  C,  of      WMB 
nearly  the  same  sixe  and  form,  made  of  white  bibulous  pa*    <..  W-r* 
per,  is  inserted.    For  researches  of  delicacy,  the  filter,  be-         fl 
fore  being  used,  is  macerated  for  a  day  or  two  in  water 
acidulated  with  nitric  acid,  in  order  to  dissolve  lioie  and 
other  substances  contained  in  common  paper,  and  it  is  td. 
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afterwards  washed  with  hot  water  till  every  trace  of  acid  is  removed. 
It  is  next  dried  at  212^,  or  any  fixed  temperature  insufficient  to  decom- 
pose it,  and  then  carefully  weighed,  the  weight  being  marked  upon  it 
with  a  pencil.  As  dry  paper  absorbs  hygrometric  moisture  rapidly 
from  the  atmosphere,  the  filter,  while  being  weighed,  should  be  inclos- 
ed in  a  light  box  made  for  the  purpose.  When  a  precipitate  is  col- 
lected on  a  filter,  it  is  washed  with  pure  water  until  every  trace  of  the 
original  liquid  is  removed.  It  is  subsequently  dried  and  weighed,  as 
before,  and  the  weight  of  the  paper  subtracted  from  the  combined 
weight  of  the  filter  and  precipitate.  The  trouble  of  weighing  the 
filter  may  sometimes  be  dispensed  with.  Some  substances,  such  as 
silica,  alumina,  and  lime,  which  are  not  decomposed  when  heated 
with  combustible  matter,  may  be  put  into  a  crucible  while  yetcontain<^ 
ed  in  the  filter,  the  paper  being  set  on  fire  before  it  is  placed  in  the  fiir- 
nace.  In  these  instances,  the  ash  from  the  paper,  the  average  weight 
of  which  is  determined  by  previous  experiments,  must  be  subtracted 
from  the  weight  of  the  heated  mass. 

The  tests  commonly  employed  in  ascertaining  the  acidity  or  alka- 
linity of  liquids  are  litmus  and  turmeric  paper.  The  former  is  made  by 
digesting  litmus,  reduced  to  a  fine  powder,  in  a  small  quantity  of 
water,  and  painting  with  it  white  paper  which  is  free  from  alum. 
The  turmeric  paper  is  made  in  a  similar  manner ;  but  the  most  con- 
venient test  of  alkalinity  is  litmus  paper  reddened  by  a  dilute  acid. 


SECTION  III. 

JIATALYSIB  OFMUVERAL  WATERS. 

Rain  water  collected  in  clean  vessels  in  the  country,  or  freshly  fal- 
len snow  when  melted,  affords  the  purest  kind  of  water  which  can 
be  procured  without  having  recourse  to  distillation.  The  water  ob- 
tained from  these  sources,  however,  is  not  absolutely  pure,  but  con- 
tains a  portion  of  carbonic  acid  and  air,  absorbed  from  the  atmosphere. 
It  is  remarkable  that  this  air  is  very  rich  in  oxygen.  That  procured 
from  snow-water  by  boiling,  was  found  by  Gay-Lussac  and  Hum- 
boldt to  contain  84.8,  and  that  from  rain  water  32  per  cent  of  oxygen 
gas.  From  the  powerfully  solvent  properties  of  water,  this  fluid  no 
sooner  reaches  the  ground  and  percolates  through  the  soil,  than  it 
dissolves  some  of  the  substances  which  it  meets  with  in  its  passage. 
Under  common  circumstances,  it  takes  up  so  small  a  quantity  of  fo- 
reign matter  that  its  sensible  properties  are  not  materially  affected, 
and  in  this  state  it  gives  rise  to  springs  well,  and  river  water.  Some- 
times, on  the  contrary,  it  becomes  so  strongly  impregnated  with  sa- 
line and  other  substances,  that  it  acquires  a  peculiar  flavour,  and  is 
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that  rendered  unfit  for  domestic  uies.    It  \a  then  known  by  the  name 
of  mineral  water. 

The  com|iosition  of  spring  water  is  dependent  on  the  nature  of  the 
soil  through  which  it  flows.  If  it  has  filtered  through  primitive  strata, 
sueh  as  quartz  rocic,  granite,  and  {he  lilce,  it  is  in  general  very  pure ; 
bat  if  it  meets  with  limestone  or  gypsum  in  its  passage,  a  portion  of 
these  salts  is  dissolved,  and  communicates  the  property  called  hard- 
ne$».  Hard  water  is  characterized  by  decomposing  soap,  the  lime  of 
the  former  yielding  an  insoluble  compound  with  the  acid*  of  the  lat- 
ter. If  this  defect  is  owing  to  the  presence  of  carbonate  of  lime,  it 
is  easily  remedied  by  boiling,  when  free  carbonic  acid  is  ezpeUed, 
and  the  insoluble  carbonate  of  lime  subsides.  If  sulphate  of  lime  is 
present,  the  addition  of  a  little  carbonate  of  soda,  by  precipitating  the 
time,  converts  the  hard  into  soft  water.  Besides  these  ingredients, 
the  muriates  of  lime  and  soda  are  frequently  contained  in  spring 
water. 

Spring  water,  in  consequence  of  its  saline  impregnation,  is  fre- 
quently unfit  for  chemical  purposes,  and  on  these  occasiojis  distilled 
water  is  employed.  Distillation  may  be  performed  on  a  small  scale 
by  means  of  a  retort,  in  the  body  of  which  water  is  made  to  boil, 
while  the  condensed  vapour  is  received  in  a  glass  flask,  called  a  re*. 
ctptenf,  which  is  adapted  to  its  beak  or  open  extremity.  This  pro- 
cess is  more  conveniently  conducted,  however,  by  means  of  a  still. 
'  The  different  kinds  of  mineral  water  may  be  conveniently  ar- 
ranged for  the  purpose  of  description  in  the  six  divisions  of  acidulous, 
alkaline,  chalybeate,  sulphurous,  saline,  and  siliceous  springs. 

1.  Acidulous  springs,  of  which  those  of  Seltzer,  Spa,  Pyrmont,  and 
Carisbad  are  the  roost  celebrated,  commonly  owe  their  acidity  to  the 
presence  of  free  carbonic'acid,  in  consequence  of  the  escape  of  which 
they  sparkle  when  poured  from  one  vessel  into  another.  Such  car- 
bonated waters  communicate  a  red  tint  to  litmus  paper  before,  bat 
not  after  being  bailed,  and  the  redness  disappears  on  exposure  to  the 
air.  Mixed  with  a  sufficient  quantity  of  lime-water,  they  become 
turbid  from  the  deposition  of  carbonate  of  lime.  They  frequently  con- 
tain the  carbonates  of  lime,  magnesia,  and  iron,  in  consequence  of  the 
&cility  with  which  these  salts  are~  dissolved  by  water  charged  with 
carbonic  acid. 

The  best  mode  of  determining  the  quantity  of  car- 
bonic acid  is  by  heating  a  portion  of  the  water  In  a  flask, 
as  in  the  annexed  figure,  and  receiving  the  carbonic  acidy 
by  means  of  a  bent  tube,  in  a  graduated  jar  filled  with 
mercury. 


2.  Alkaline  wafers  are  such  as  contain  a  free  or  carbonated  alkali, 
and,  consequently,  either  in  their  natural  state  or  when  concentrated 
by  evaporation,  possess  an  alkaline  reaction. 

These  spring!}  are  rare.  The  best  instance  I  have  met  with  is  in 
water  collected  at  the  Furnas,  St.  Michaels,  South  America,  and  sent 
to  the  Royal  Society  of  Edinburgh  by  Lord  Napier.    These  springs 

*  I>r  Turner  no  doubt  alludes  here  to  the  margaric  and  oleic  acids, 
into  which  the  oU  used  in  the  fabrication  of  soap  is  converted  by  sa- 
ponification. B. 
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contun  carbonate  of  soda  and  carbonie  acid,  and  are  almost  entirely 
free  from  earthy  substances.  Most  of  five  different  kinds  of  these 
waters  which  I  CKamined,  also  contained  protoxide  of  iron,  sulphuret- 
ted hydrogen,  and  muriate  of  soda. 

8.  The  chalybeate  waters  are  characterized  by  a  strong,  styptic, 
inky  taste,  and  by  striking  a  black  colour  with  the  infusion  of  gall- 
nuts.  The  iron  is  sometimes  combined  with  muriatic  or  sulphuric 
acid ;  but  most  frequently  it  is  in  the  fBrm  of  a  carbonate  of  the  pro- 
toxide, held  in  solution  by  free  carbonic  acid.  On  exposure  to  the  air, 
the  protoxide  is  oxidized,  and  the  hydrated  peroxide  subsides,  causing 
tfaeochreousdeposite,  so  commonly  observed  in  the  vicinity  of  chalyb- 
eate springs. 

To  ascertain  the  quantity  of  iron  contained  in  a  mineral  water,  a 
known  weight  of  it  is  concentrated  by  evaporation,  and  the  iron 
brought  to  the  state  of  peroxide  by  means  of  nitric  acid.  The  per- 
oxide is  then  precipitated  by  an  alkali  and  weighed ;  and  if  lime  and 
magnesia  are  present,  it  may  be  separated  from  those  earths  by  the 
process  described  in  the  last  section. 

Chalybeate  waters  are  by  no  means  uncommon;  but  the  most 
noted  in  Britain  are  those  of  Tunbridge,  Cheltenham,  and  Brighton. 
The  Bath  water  also  contains  a  small  quantity  of  iron. 

4.  The  sulphurous  waters,  of  which  tlie  springs  of  Aix  la  Chapelle, 
Harrogate,  and  Moffat  afford  examples,  contain  sulphuretted  hydro- 
gen, and  are  easily  recognised  by  their  odour,  and  by  causing  a  brown 
precipitate  with  a  salt  of  lead  or  silver.  The  gas  is  readily  expelled 
by  boiling,  and  its  quantity  may  be  inferred  by  transmitting  it  through 
a  solution  of  acetate  of  lead,  and  weighing  the  sulphuret  which  is 
generated. 

5.  Those  mineral  springs  are  called  saline  which  do  not  belong  to 
either  of  the  preceding  divisions.  The  salts  which  are  most  frequently 
contained  in  these  waters,  are  the  sulphates,  muriates,  and  carbonates, 
of  lime,  magnesia,  and  soda.  Potassa  sometimes  exists  in  them,  and 
Berzelius  has  found  lithia  in  the  spring  of  Carisbad.  It  has  lately  been 
discovered  that  the  presence  of  hydriodic  acid  in  small  quantity  is  not 
unfrequent*.  As  examples  of  saline  water  may  be  enumerated  the 
springs  of  Epsom,  Cheltenham,  Bath,  Bristol,  Bareges,  Buxton,  Pit- 
caithly,  and  Toeplitz. 

The  first  object  in  examining  a  saline  spring  is  to  determine  the 
nature  of  its  ingredients.  Muriatic  acid  is  detected  by  nitrate  of 
silver,  and  sulphuric  acid  by  muriate  of  baryta;  and  if  an  alkaline  car- 
bonate be  present,  the  precipitate  occasioned  by  either  of  these  tests 
will  contain  a  carbonate  of  silver  or  baryta.  The  presence  of  lime  and 
magnesia  may  be  discovered,  the  former  by  oxalate  of  ammonia,  and  the 
latter  by  carbonate  of  ammonia  and  phosphoric  acid.  Potassa  is 
known  by  the  action  of  muriate  of  platinum.  (Page  284.)  To  detect 
soda,  the  water  should  be  evaporated  to  dryness,  the  deliquescent 
salts  removed  by  alcohol,  and  the  matter  insoluble  in  that  menstruum 
taken  up  by  a  small  quantity  of  water,  and  allowed  to  crystallize  by 
spontaneous  evaporation.  The  salt  of  soda  may  then  be  recognised 
by  the  rich  yellow  colour  which  it  communicates  to  flame.  (Page  286.) 
If  the  presence  of  hydriodic  acid  is  suspected,  the  solution  is  brought 
to  dryness,  the  soluble  parts  dissolved  in  two  or  three  drachms  of  a 


*  The  salt  spring  at  Theodorshalle,  in  Germany,  contains  a  con- 
ilderable  quantity  of  bromine.  See  note  page  218.  B. 
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eold  solution  of  starch,  and  strong  sulphuric  acid  gradually  added. 
(PaiCe214.) 

Having  thus  ascertained  the  nature  of  the  saline  ingredients,  their 
quantity  may  be  determined  by  evaporating  a  pint  of  water  to  diy- 
DOSS,  heating  to  low  redness,  and  weighing  the  residue.  In  order  to 
make  an  exact  analysis,  a  given  quantity  of  the  mineral  water  is  con- 
centrated in  an  evaporating  basin  as  far  as  can  be  done  without  causing 
either  precipitation  or  crystallization,  and  the  jresidual  liquid  is  di voided 
into  two  equal  parts.  From  one  portion  the  sulphuric  and  <:arbonic 
acids  are  thrown  down  by  nitrate  of  baryta,  and  after  collecting 
the  precipitate  on  a  filter,  the  muriatic  acid  is  precipitated  by  ni- 
trate of  silver.  Tiie  mixed  sulphate  and  carbonate  is  exposed  to  a  low 
red  beat,  and  weighed ;  and  the  latter  is  then  dissolved  by  dilute  mu- 
riatic acid,  and  its  quantity  determined  by  weighing  the  sulphate^ 
The  chloride  of  silver,  of  which  1-16  parts  correspond  to  37  of  muriatic 
acid,  is  fused  in  a  platinum  spoon  or  crucible,  in  order  to  render  it 
quite  free  from  moisture.  To  the  other  half  of  the  concentrated  mi- 
neral water,  oxalate  of  ammonia  is  added  for  the  purpose  of  precipitating 
the  lime ;  and  the  magnesia  is  afterwards  thrown  down  as  the  ammo- 
Diaco-phosphate,  by  means  of  the  carbonate  of  ammonia  and  phospho- 
ric acid.  Having  thus  determined  the  weight  of  each  of  the  fixed  in- 
gredients, excepting  the  soda,  (he  loss  of  course  gives  the  quantity  of 
that  alkali;  or  it  may  be  procured  in  a  separate  state  by  the  process 
described  in  the  foregoing  section. 

The  individual  constituents  of  the  water  being  known,  it  remains  to 
determine  the  state  in  wliich  they  were  originally  combined.  In  a 
■dlneral  water  containing  sulphuric  and  muriatic  acids,  lime  and  soda, 
it  is  obvious  that  three  cases  are  possible.  The  liquid  may  contain 
sulphate  of  lime  and  muriate  of  soda,  or  muriate  of  lime  and  sulphate 
of  soda,  or  each  acid  may  be  distributed  between  both  the  bases.  It 
was  at  one  time  supposed  that  the  lime  most  be  in  combination  with 
sulphuric  acid,  because  the  sulphate  of  that  earth  is  left  when  the 
water  is  evaporated  lo  dryness.  This,  however,  by  no  means  follows. 
In  whatever  state  the  lime  may  exist  in  the  original  spring,  gypsum 
will  be  generated  as  soon  as  the  concentration  reaches  that  degree  at 
which  sulphate  of  lime  cannot  be  held  in  solution.  The  late  Dr  Mur- 
ray*, who  treated  this  question  with  much  sagacity,  observes  that 
some  mineral  waters,  which  contain  the  four  principles  above  nCen- 
tioned,  possess  higher  medicinal  virtues  than  can  be  justly  ascribed  to 
the  presence  of  sulphate  oflime.  He  advances  the  opinion  that  alka- 
line b.-^ses  are  united  in  mineral  waters  with  those  acids  with  which 
they  form  the  most  soluble  compounds,  and  that  the  insoluble  salts 
obtained  by  evaporation  are  merely  products.  He  therefore  proposes 
to  arrange  the  substances  determined  by  analysis  according  to  this 
supposition.  To  this  practice  there  is  no  objection ;  but  it  is  probable 
that  each  acid  is  rather  distributed  between  several  bases  than  com- 
bined exclusively  with  one  of  them.  (Page  108.) 

Sea-water  may  be  regarded  as  one  of  the  salme  mineral  waters.  Its 
taste  is  disagreeably  bitter  and  saline,  and  its  fixed  constituents  amount 
to  about  three  per  cent.  Its  specific  gravity  varies  from  1.0269  to 
1.0285;  and  it  freezes  at  about  28.5°  F.  According  to  the  analysis  of 
Dr  Murray,  10,000  parts  of  water  from  the  frith  of  Forth  contain 
220.01  parts  of  common  salt,  33.16  of  sulphate  of  soda,  42.08  of  mu- 
riate of  magnesia,  and  7.84  of  muriate  oflime.    Dr  Wollaston  has  de- 
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tected  potassa  in  sea- water,  and  it  likewise  contains  small  quantities 
of  hydriodic  and  hydrobromic  acids. 

The  water  of  the  Dead  Sea  has  a  far  stronger  saline  impregnation 
than  sea-water,  containing  one-fourth  of  its  weight  of  solid  matter. 
It  has  a  peculiarly  bitter,  saline,  and  pungent  taste,  and  its  specific 
gravity  is  1.211.  According  to  the  analysis  of  Dr  Marcet,  lOO  parts 
of  it  are  composed  of  muriate  of  magnesia  10.246,  muriate  of  soda 
10.36,  muriate  of  lime  3.92,  and  sulphate  of  lime  0.054.  In  the  river 
Jordan,  which  flows  into  the  Dead  Sea,  Dr  Marcet  discovered  the 
same  principles  as  in  the  lake  itself. 

6.  Siliceous  waters  are  very  rare,  and  in  those  hitherto  discovered 
the  silica  appears  to  have  been  dissolved  by  means  of  soda.  The  most 
remarkable  of  these  are  the  boiling  springs  of  the  Geyser  and  Rykum 
in  Iceland,  a  gallon  of  which,  according  to  the  analysis  of  Dr  Black, 
contains  the  following  substances :  (Edinburgh  Philos.  Trans,  iii.  95.) 


Geyser, 

Bykum. 

Soda, 

5.56 

3.0 

Alumina, 

2.S0 

0.29 

Silica, 

31.50 

21.83 

Muriate  of  soda. 

14.42 

16.96 

Sulphate  of  soda. 

8.57 

7.53 

The  hot  springs  of  Pinnarkoon  and  Loorgootha  are  analogous  to 
the  foregoing.  A  gallon  of  the  water  yields  about  24  grains  of  solid 
matter ;  and  the  saline  contents  sent  to  Dr  Brewster  by  Mr  P.  Bra- 
ton,  I  found  to  contain  21.5  per  cent  of  silica,  19  chloride  of  sodium, 
19  sulphate  of  soda,  19  carbonate  of  soda,  pure  soda  5^  and  16.5 
water.  (Edinburgh  Journal  of  Science,  No.  xvii.  p.  97.) 


ERRATA. 

Page  86,  line  25,  for  numerator,  read  denominator.  This  error 
occurs  only  in  part  of  the  impression.  Page  4! ,  line  18,  for  180°,.  read 
680^.    Page  473,  line  18,  for  bases,  read  basis. 
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TABLE  I. 

TABLE  of  CJiemieal  EquivalenU,  Jltomie  Weights^  or  Prapot' 
tional  Mimberat  Hydrogen  being  taken  as  unity. 

IN  preparing  the  following  tabular  view  of  the  atomic  weights.  I  have 
chiefly  consulted  the  table  published  by  Dr  Thomson  in  his  First 
Principles  of  Chemistry,  and  by  Mr  Phillips  in  the  new  series,  10th 
volume,  of  the  Annals  of  Philosophy.  From  the  full  account  already 
given  of  the  Laws  of  Combination  and  of  the  Atomic  Theory,  it  will 
be  superfluous  to  describe  the  uses  of  the  table.  The  only  explana- 
tion required  on  this  subject,  relates  to  the  ingenious  contrivance  of 
Dr  Wollaston,  called  the  Scale  of  Chemical  EqfUvalenta.  >  This 
useful  instrument  is  a  table  of  atomic  weights,  comprehending  all  those 
substances,  which  are  most  frequently  employed  by  chen^ists  in  the 
laboratory  ;  and  it  only  diiSers  from  other  tabular  arrangements  of  the 
same  kind,  in  the  numbers  being  attached  to  a  sliding  rule,  which  is 
divided  according  to  the  principle  of  that  of  Gunter.  From  the  ma- 
thematical construction  of  the  scale,  it  not  only  serves  the  same  pur- 
pose as  other  tables  of  atomic  weights,  but  in  many  instances  super- 
sedes the  necessity  of  calculation.  Thus,  by  inspecting  the  common 
table  of  atomic  weights,  we  learn  that  88  parts,  or  one  equivalent  of 
sulphate  of  potassa,  contain  40  parts  of  sulphuric  acid  and  48  of  pot- 
assa ;  but  recourse  must  be  had  to  calculation,  when  it  is  wished  to 
determine  the  quantity  of  acid  or  alkali  in  any  other  quantity  of  the 
salt.  This  knowledge,  on  the  contrary,  is  obtained  directly  by  means 
of  the  scale  of  chemical  equivalents.  For  example,  on  pushing  up  the 
slide,  until  100  marked  upon  it  is  in  a  line  with  the  name  sulphate  of 
potassa  on  the  fixed  part  of  the  scale,  the  numbers  opposite  to  the 
terms  sulphuric  acid  and  potassa,  will  give  the  precise  qoantity  of 
each  contained  in  100  parts  of  the  compound.  In  the  original  scale  of 
Dr  Wollaston,  for  a  particular  account  of  which  I  may  refer  to  the  Phil- 
osophical Transactions  for  1814,  oxygen  is  taken  as  the  standard  of 
comparison ;  but  hydrogen  may  be  selected  for  that  purpose  with  equal 
propriety,  and  scales  of  this  kind  have  been  prepared  for  tale  by  Mr 
Boswell  Reid  of  Edinburgh. 
W  w 
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Acid,  acetic,  (51  Prout)        50 

c.  Iw.*  59 

arsenic,  (a.  38  -|-  ot. 

20  Ben.)  .        58 

anenioua,  (a.  38  +  ox. 

12  Berz.)  .        50 

benzoic         .  .      120 

boracic,  (b.  8  +  ox.  16)    24 

c.  2w.       .  .42 

bromic,  (b.  75  -|-  ox. 

40)  •       115 

carbonic,  (carb.  6  >f- 

ox.  16)      .  .        22 

chloric,  (chl.  36  -|. 

ox.  40)     .  .76 

chloriodic,   (chl.  72 

-hiod.124)  .     ?196 

chlorocarbonic,  (chl.  36 

-f  carb.  oxide  14)  50 
chlorocyanic,     (chL 

36  ^  cyan.  26)  .  62 
chromic,  (chr.  32  + 

ox.  20)      .  .         52 

dtric,  .  .        58 

c.  2w.        .  .76 

columbic,  .  .    ?209 

fluoboric,     .  .       ?68 

formic,  .  .        37 

fluosilicic,  .  ^26.86 

gallic,         .  .       >63 

hydriodic,  (iod.  124 

4-  hyd.  1)  .        125 

hydrobromic,  (b.  75 

+  hyd.  1)  .        76 

hydrocyanic,    (cyan. 

26  -f  hyd.  1)  .  27 
hydrofluoric,  .    19.86 

byposulphurous, 

(8. 32  + ox.  8)  .  40 
hyposulphuric,  (s.  32  + 

ox.  40)     .  .        72 

iodic,   (iod.  124    + 

ox.  40)      .  .       164 

malic,  .  .       ?70 

manganeaeous,  .  ?52 
manganesic,  .       ?60 

molybdic,     .  .72 

muriatic,  (chl.  36  + 

hyd.  1)      .  .        37 


Acid,  nitric,  dry,  (nit.  14 

4.  ox.  40)  .         54 

nitnc,  liquid  (sp.  gr. 

1.5)  (2w.)  .         72 

nitrous  (nit.    14  4- 

0X.32}      .  .         46 

oxalic,  .  .         36 

c.  4w.  (3w.  Prout)  72 

perchloric,    (chl.   36 

+  ox.  56)  .         92 

phosphorous, 

(p.  15.71  +  ox.  12)  27.71 
phosphoric,  (p.  15.71 

+  OX.20)  .  35-71 

saccholactic,  .     ?  104 

selenious,  (sel.  40   -f- 

ox.  16)     .  .         56 

selenic,  (sel.  40   -f- 

ox.  24)     .  .         64 

succimc,       .  .        50 

sulphuric,  dry,  (s.  16 

-I-  ox.  24)  .40 

sulphuric,  liquid,  (sp.  gr. 

1.8485,)  (Iw.)      .         49 
sulphurous,  (s.  16 -f- 

ox.  16)      .  .         32 

tartaric,        .  .         66 

c.  Iw.       .  .         75 

titanic,  .  .         48 

tungstic,       .  .       120 

uric,  (90  Prout)        .         72 

Alcohol,  (ol.  gas  14  -|- 

aq.  yap.  9)  .         23 

Alum,  anhydrous,  .       262 

c.  25w.  .  .487 

Alumina,  .         18 

sulphate,      .  .         58 

Aluminium,        .  .  10 

Ammonia,    (nit.   14   -f~ 

hyd.  3)         .  .17 

Antimony,         .  .         44 

chloride,  (ant.  44  -f- 

chl.  36)    .  .80 

iodide,   (ant.  44  4- 

iod.  124)  .  .        168 

protoxide,  (ant.   44 

-f-  ox.  8)  .         52 

deutoxide,  (ant.   44 

-f  ox.  12)  .         56 


*  C  means  crystallized,  w,  water ;  and  the  numeral  before  w  ex- 
presfles  the  number  of  equivalents  of  water  which  the  crystals  contain. 
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Antimony,  peroxide. 

Chlorine,  hydrocarburet. 

(ant.  44  -j-  ox.  16)       60 

(chl.  36.  4-01.  gas  14)    50 

sulphuret,    . 

60 

protoxide,    (chl.   36 

Arsenic, 

38 

+  ox.  8)  . 

44 

sulphuret,  (realg^) 

54 

peroxide,  (chl.  36  + 

sesquisulphuret*  (or- 

ox.  32)     . 

68 

piment)     . 

62 

Chromium, 

32 

persulphuret,  (a.  38 

protoxide,    . 

40 

+  8.40) 

78 

Cobalt,  (29.5  Rothqff) 

26 

Banum, 

70 

chloride. 

62 

chloride. 

106 

iodide. 

150 

iodide. 

194 

protoxide,  (cob.  26 

protoxide,  (baryta) 

78 

4-  ox.  8) 

34 

peroxide,      . 

86 

peroxide,   (cob.    26 

phosphuret. 

85.71 

+  ox.  12) 

38 

sulphuret,     . 

86 

phosphuret, 

41.71 

Bismuth, 

72 

sulphuret,    . 
Columbium, 

42 

chloride. 

108 

?185 

oxide. 

80 

Copper,  (32  Thomson) 
(^loride. 

64 

iodide. 

196 

100 

phosphuret. 

87.71 

bichloride,    . 

136 

sulphuret. 

88 

iodide. 

188 

Boron, 

8 

protoxide,     . 

72 

Bromine, 

}7S 

peroxide,  .    . 

80 

Cadmium, 

56 

phosphuret. 

79.71 

chloride. 

92 

sulphuret,     . 

80 

oxide. 

64 

bbulphuret. 

96 

iodide. 

180 

Cyanogen,  (carb.  12  + 

• 

phosphuret. 

71.71 

nit.  14.)    . 

26 

sulphuret,    . 

72 

bisulphuret,    (cyan. 

Calcium, 

20 

26  -h  8.  S2) 

58 

chloride. 

56 

Ether,  (ol.  gas28  +  aq". 

iodide. 

144 

vap.  9)      . 

37 

protoxide,  (lime) 

28 

Fluorine, 

18.86 

phosphuret. 

.  35.71 

Glucinium, 

18 

sulphuret,    . 

36 

Glucina, 

26 

Carbon, 

6 

Gold,      . 

200 

bisulphuret,     (carb 

chloride. 

236 

6.  +  8.  32) 

38 

bichloride,    . 

272 

chloride. 

42 

iodide. 

324 

perchloride,     (carb 

protoxide,  (g.  200  + 

12  +  chl.  108)    . 

120 

ox.  8) 

?208 

oxide, 

14 

peroxide,  (g.  200  + 

phosphuret. 

.  21.71 

ox.  24)      . 

?224 

Cenum, 

50 

sulphuret,  (g.  200  4- 

protoxide,   (cer.   5( 

s.  48)        . 

248 

+  ox.  8)  . 

58 

Hydrogen, 

1 

peroxide,    (cer.    5( 

arseniuretted. 

39 

4-  ox.  12) 

62 

carburetted,  (carb.  6 

+ 

Chlorine, 

36 

hyd.  2)       . 

8 

♦  1  proportio 

nal  of  arsenic,  and  IJ  sulphur. 
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28 


Hydrogen,  bicarb.  (oL  gas) 

(carb.  12  +  hyd.2) 
■eleniuretted, 
mlphuretted, 
bisulphuretted. 
Iodine,    . 
Uidium, 
Iron, 

chloride,   (ir 

chl.  36)     . 
perchloride,  (ir 

-f  chl.  54) 
iodide, 
protoxide,  (ir.  28  -f- 

ox.  8)     ^  . 
peroxide,  (ir.  28  -f 

ox.  12) 
aulphuret, 
biaulphuret, 
Lead,     . 
chloride, 
protoxide,  (1. 104  -f 

ox.  8)        . 
deutoxide,  (1. 104  + 

ox.  12)      . 
peroxide,  (1.  104  + 

ox.  16) 
phosphuret, 
aulphuret,     . 
Lithium, 
chloride, 
iodide, 

oxide,  (lithia) 
aulphuret,     . 
Magnesium, 
chloride, 

onde,  (magnesia)    \ 
aulphuret,    .  \ 

Bfannmese, 

chloride,  (m.  28  + 

chl.  36)     . 
perchloride,  (m.  28  + 

chl.  144) 
protoxide,  (m.  28  -j- 

ox.  8) 
deutoxide,  (m.  28  + 

ox.  12)      . 
peroxide,  (m.  28  -|- 

ox.  16)   .  . 
aulphuret,     . 
Meroury, 

chloride,  (calomel) 


14 
41 
17 
33 
124 
?30 
28 

64 

82 
152 

36 

40 

44 

60 

104 

140 

112 

116 


120 

.  119.71 

.      120 

10 

46 

.       134 

18 

26 

12 

48 

;     20 

.        28 
28 


64 
172 

36 

40 

44 

44 

200 

236 


bichloride,  (corroa.  sub.)  272 


Mercury,  iodide,  .       324 

biniodide,     .  .       448 

protoxide,     .  .       208 

peroxide,      .  .       216 

aulphuret^     •  .216 

biaulphuret,  .       232 

Molybdenum,     .  .         48 

protoxide,  (m.  48  + 

ox.  8)        .  .56 

deutoxide,  (m.  48  -|- 

ox.  16)      .  .64 

peronde    (molybdie 

acid)  (m.  48  + ox.  24)  72 

Nickel,  .  .  .26 

chloride,      .  .         62 

iodide,  .  .       150 

protoxide,  (n.  26  -f- 

ox.  8)        .  .         34 

peroxide,  (n.  26  -f- 

ox.  12)      .  .         38 

phosphuret;  .  41.71 

aulphuret,     .  .         42 

Nitrogen,  .  .         14 

bicarburet,  (cyanog-en)     26 
chloride,   (n.  14  -4- 

chl.  144)  .  .       158 

iodide,  (n.  14  -f-  iod. 

372)       .  .  .386 

protoxide,  (n.  14  -f- 

ox.  8)        .  .         22 

deutoxide,  (n.  14  -|- 

ox.  16)      .  .       :io 

Oanrgen,  .  .  8 

Palladium,  .  .         S6 

oxide,  '.  .        64 

Phosphorus,      .  .    15.71 

chloride,       .  .    51.71 

bichloride,    .  .    87.71 

carburet,       .  .  21.71 

aulphuret,     .  .31.71 

Platinum,  .'  .        96 

chloride,       .  .       132 

bichloride,   .  .       168 

protoxide,    .  .       104 

deutoxide,    .  .       112 

aulphuret,    .  .       112 

biaulphuret,  .       128 

Potassium,  .        40 

chloride,      .  76 

iodide,         .  .       164 

protoxide,  (potasaa)  48 

peroxide,  (p.  40  + 

ox.  24)     .  .         64 
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Potassium,  pho^huret. 

55.71 

Uranium, 

208 

sulphuret,    . 

56 

protoxide,    . 

216 

Rhodium, 

44 

deutoxide,   .    ^ 

224 

protoxide,    . 

52 

Water, 

9 

peroxide. 

60 

Yttrium, 

34 

Selenium, 

40 

oxide,  (yttria) 

42 

Silica,    . 

16 

Zinc, 

34 

Silicium, 

8 

chloride, 

70 

Silver, 

110 

oxide. 

42 

chloride. 

146 

phosphuret. 

49.71 

iodide. 

234 

sulphuret,    . 

50 

oxide. 

118 

Zirconium, 

>25 

phosphuret. 

125.71 

^rconia. 

?33 

sulphuret,    . 
Sodium, 

126 
24 

SaUa. 

chloride. 

60 

Acetate  of  alumina. 

68 

iodide, 

148 

c.  Iw. 

77 

protoxide,  (soda) 

32 

ammonia,  •  . 

67 

peroxide,  (s.  24  4 

c.  7w. 

130 

ox.  12)     . 

36 

baryta, 

128 

phosphuret. 

39.71 

c.  3w. 

155 

sulphuret,    . 

40 

cadmium,  (c.  2w.)  . 

132 

Strontium, 

44 

copper,  (acid  50  4 

chloride, 

80 

perox.  80) 

.      130 

iodide. 

168 

c.  6w.  (com.  ver 

protoxide,  (strontia) 

52 

digris) 

184 

phosphuret^ 

.  59.71 

binacetate. 

180 

sulphuret,    . 

60 

c.3w.  (distilled^ 

rer- 

Sulphur, 

16 

digris) 

.      207 

chloride, 

52 

subacetate. 

.      210 

iodide. 

140 

lead. 

162 

phosphuret. 

.  31.71 

c.  3w. 

189 

Sulphuretted  hydrogen 
Tellurium,  (Berzelius) 

,        17 

lime> 

78 

32 

magnesia,     . 

70 

chloride^ 

68 

mercury,  (c.  4w. ) 

294 

oxide. 

40 

potassa. 

98 

Tin,    ^   . 

58 

silver. 

168 

chloride,      . 

94 

strontia,  (c.  Iw.) 

111 

bichloride,  . 

130 

zinc. 

92 

protoxide,    . 

66 

c.  7w. 

155 

deutoxide,   . 

74 

Arseniate  of  lead. 

170 

phosphuret, 

.  73.71 

lime. 

86 

sulphuret,    . 

74 

magnesia,     . 

78 

bisulphuret. 

90 

potassa,        .            . 

106 

Titanium, 

32 

bmarseniate,(c.2 

w.)  182 

protoxide,    . 

?40 

soda. 

90 

deutoxide  (titanic  m 

ud)  48 

binarseniate,  (c.4 

w.)  184 

Tungsten, 

96 

strontia. 

110 

deutoxide,    (brown 

) 

silver. 

176 

(t.  96  +  ox.  16) 

112 

Arsenite  of  lime. 

78 

tritoxide  (tungstic  a 

cid) 

potassa, 

98 

(t.  96 -h  ox.  24) 

.      120 

foda. 

82 

Ww2 
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Anemte  of  silver. 

168 

Oxalate  of  lime,                        64 

Carbonate  of 

nickel,                         .          70 

ammonia,     . 

39 

potassa,                       .          84 

lesquicarb.  (acid 33 

c.  Iw.                     .          93 

-fam.l7  +  w.9)  59 

binoxalate,            ;        120 

bicarbonate  (Iw.)     70 

c.  2w.                    .        138 

baiyta. 

.     100 

quadroxalate,               192 

copper,  (acid  2«  + 

c.  7w.                    .        255 

peroz.  80) 

102 

strontia,       .               .          88 

iron,  (acid  32  + 

binoxalate,          .        124 

protox.  36) 

58 

Phosphate  of  ammonia. 

lead. 

134 

(c.  2w.)  .               .    70.71 

lime. 

50 

baryta,         .              .  113.71 
lead,                          .  147.71 

mag^nesia,     .            , 

42 

manganese, 

58 

lime,                           .63.71 

potassa. 

70 

magnesia,     .             .    55.71 
soda,                          .    67.71 

bicarbonate, 

92 

,    c.  Iw. 

101 

c.  12iw.   .             .  180.21 

soda. 

54 

Sulphate  of  alumina,      .         SQ 

c.  lOw. 

.       144 

alumina  and  potassa,       262 

bicarbonate,  (c 

.■"15 

c.  25w.  (alum)       .       487 

strontia. 

ammonia,  (c.  Iw.)  .         66 

zinc. 

64 

baryta,                       .       118 

Chlorate  of  banrta. 

.       154 

copper,  (acid  40  -h 

lead. 

.       188 

perox.  80)     .       120 

mercury. 

.       284 

bipersulphate,  .        160 

potassa. 

124 

c.  lOw.     (blue 

Chromate  of  baryta. 

130 

vitriol)        .       250 

le«l. 

.       164 

iron,             .             .         76 

mercury. 

.      260 

c.7w.  (green  vitriol)    139 

potassa. 

.       100 

lead,             .            .        152 

bichromate. 

152 

lime,             .                      68 

Muriate  of  ammonia. 

54 

c.  2w.       .            .         86 

baryta,  (c.  Iw.) 

.       124 

lithia,  (c.lw.)           .         67 

lime,  (c.  6w. ) 

119 

magnesia,  (c.  7w.)    .       123 

magnesia,     . 

S7 

mercury,  (acid  40  -f- 

strontia,  (c.  8w. ) 

161 

perox.  216)   .       256 

Nitrate  of  ammonia. 

71 

bipersulphate  (acid 

baryta. 

.       132 

80+perox.216)  296 

bismuth,  (c.  3w.) 

.      161 

potassa,                     .         88 

lead. 

166 

bisulphate,  (c.2w.)  146 

lime. 

82 

soda,             .            .        72 

magnesia,     . 

74 

c.  lOw.      .            .      162 

mercury,  (acid  54  4- 

strontia,                    .        92 

protox.208-f  w. 

18)  280 

zinc,              •             .        82 

potassa. 

.       102 

c.7w.        •            .       145 

silver. 

.       172 

Tartrate  of  lead,            .      178 

soda. 

86 

lime,              .             .        94 

strontia, 

106 

potassa,                     .      114 

Oxalate  of  ammonia. 

53 

bitartrate,            .      180 

c.  2w.      . 

71 

c.  2w.  (cream  of 

baryta,         ,^ 

114 

tartar)                 198 

>inoxalate. 

150 

antimony  and  potassa, 
(c.3w.)(tartaremetic)  363 

cobalt. 

70 
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TABLE  II. 

TABLE  of  the  Elastic  Force  of  Aqueous  Vapour  at  Different  Tern- 
pcratures,  expressed  in  Inches  of  Mercury, 


' 

Force  of 

Force  of 

Force  of 

Temp: 

Vapour. 

Temp. 

Vapour. 

Temp. 

Vapour. 

Dalton 

Ure 

Dalton 

Upe 

Dalton 

Ure 

32**  F. 

a200 

0.200 

72**^ 

0.770 

112''F. 

2.68 

33 

0.207 

73 

0.796 

113 

2.76 

34 

0.214 

74 

0.823 

114 

2.84 

35 

0.221 

75 

0.851 

0.860 

We 

2.92 

2.820 

36 

0.229 

76 

0.880 

3.00 

37 

0.237 

77 

0.910 

117 

^3.08 

38 

0.245 

78 

0.940 

118 

3.16 

39 

0.254 

79 

0.971 

♦ 

119 

3.25 

40 

0.263 

0.250 

80 

1.00 

1.010 

120 

3.33 

3.300 

41 

0.973 

81 

1.04 

121 

3.42 

42 

0.283 

82 

1.07 

122 

3.50 

43 

0.294 

83 

1.10 

123 

3.59 

44 

0.305 

84 

1.14 

124 

3.69 

45 

0.316 

85 

1.17 

1.170 

125 

3.79 

3.830 

46 

0-328 

86 

1.21 

126 

3.89 

47 

0^339 

87 

1.24 

127 

4.00 

48 

0351 

88 

1.28 

128 

4.11 

49 

0.363 

89 

1.32 

129 

4.22 

50 

0.375 

0.360 

90 

1.36 

1.360 

130 

4.34 

4.366 

51 

0.388 

91 

1.40 

131 

4.47 

52 

0.401 

92 

1.44 

132 

4.6O 

53 

0.415 

93 

1.48 

133 

4.73 

54 

0.429 

94 

1.53 

134 

4-86 

SS 

0.443 

0.416 

95 

1.58 

1.640 

135 

5.00 

5.070 

56 

0.458 

96 

1.63 

136 

5*14 

57 

0-474 

97 

1.68 

137 

5.29 

58 

0.490 

98 

1.74 

138 

5.44 

59 

0.507 

99 

1.80 

139 

5.59 

60 

0-524 

0.516 

100 

1.86 

1.860 

140 

5.74 

5.770 

61 

0-542 

101 

1.92 

141 

5.90 

62 

0-560 

102 

1.98 

142 

6.05 

63 

0-578 

103 

2.04 

143 

6.21 

64 

0-597 

104 

2.11 

144 

637 

65 

0-616 

0.630 

105 

2.18 

2.100 

145 

6.53 

6.600 

66 

0.635 

106 

2.25 

146 

6.70 

67 

0.655 

107 

2.32 

147 

6.87 

68 

0.676 

108 

2.39 

148 

7.05 

69 

0.698 

109 

2.46 

149 

7.23 

70 

0.721 

0.726 

110 

2.53 

2.456 

150 

742 

7.530 

71 

0.745 

111 

2.60 

151 

7.61 

660 
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TABLE  n.  CONTINUED. 


Force  of 

Force  of 

1 

Force  of 

Temp. 

'  Vapour. 

Temp. 

Vapour. 

!  Temp. 

1 

Vapour. 

Dalton 

Urc 

Dalton 

Ure 

Daltonl    Ure 

152**  F. 

7.81 

19rF. 

22.13 

242'^F. 

51.34 

53.600 

153 

8.01 

198 

22.69 

243 

52.18 

154 

8.20 

199 

23.16 

244 

53.03 

155 

8.40 

8.500 

200 

23.64 

23.600 

245 

53.88 

56.340 

156 

8.60 

201 

24.12 

246 

54.68 

157 

8.81 

202. 

24.61 

247 

55.54 

158 

9.02 

203 

25.10 

248 

56.42 

60.400 

159 

9.24 

204 

25.61 

249 

57.31 

160 

9.46 

9.600 

205 

26.13 

25.900 

250 

58.21 

61.900 

161 

9.68 

206 

26.66 

251 

59.12 

63.500 

162 

9.91 

207 

27.20 

252 

60.05 

163 

10.15 

208 

27.74 

253 

61.00 

164 

1041 

20? 

28.29 

254 

61.92 

66.700 

165 

10-68 

10.800 

210 

28.84 

28.880 

255 

62.85    67.25 

166 

10.96 

211 

29.41 

256 

63.76 

167 

11.25 

212 

30.00 

30.000 

257 

64.82    69.800 

168 

11.54 

213 

30.60 

258 

65.78 

169 

11.83 

214 

31.21 

259 

66.75 

iro 

12.13 

12.050 

215 

31.83 

260 

67.73 

72300 

171 

12.43 

216 

32.46 

33.400 

261 

68.72 

172 

12.73 

217 

33.09 

262 

69.72 

75.900 

173 

13.02 

218 

33.72 

263 

70.73 

174 

13-32 

219 

34.35 

264 

71.74 

77.900 

175 

1362 

13.550 

220 

34.99 

35.540 

265 

72.76 

78.040 

176 

1392 

221 

35.63 

36.700 

266 

73.77 

177 

14.22 

222 

36.25 

267 

74.79    81.900 

178 

1452 

223 

36.88 

268 

75.80 

179 

14.83 

224 

37.53 

269 

76-82 

84.900 

180 

1515 

15.160 

225 

38.20 

39.110 

270 

77.85 

86.300 

181 

1550 

226 

38.89 

40.100 

271 

78.89 

88.000 

182 

1586 

227 

39.59 

272 

79.94 

183 

16.23 

228 

40.30 

273 

80.98 

91.200 

184 

16.61 

229 

41.02 

274 

82.01 

185 

17.00 

16.900 

230 

41.75 

43.100 

275 

83.13 

^3.480 

186 

17.40 

231 

42.49 

276 

84.35 

187 

17.80 

232 

43.24 

277    ^ 

85.47   1 

)7.800 

188 

18-20 

233 

44.00 

278 

86.50 

189 

18.60 

234 

44.78 

46.800 

279 

87.63    1 

IO1.600 

190 

19.00 

19.000 

235 

45.58 

47.220 

280 

88.75    1 

IO1.9O0 

191 

19.42 

236 

46.39 

281 

89.87    1 

04.400 

192 

19.86 

237 

47.20 

282 

90.99 

193 

20.32 

238 

48.02 

50.300 

283 

92.11    1 

07.700 

194 

20^ 

239 

48.84 

284 

93.23 

195 

21.22 

21.100 

240 

49.67  51.700 

285 

94.35    1 

12.200 

196 

21.68 

11 

241 

50.50 

286 

95.48 
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TABLE  n.  CONTINUED. 


Force  ot      ( 

Force  of 

Force  of 

Temp. 

Vapour.       1 

Temp. 

Vapour. 

Temp. 

Vapour. 

Dalton 

Ure 

Dalton     Ure 

Dalton 

Ure 

28rF. 

96.64 

114.800 

300°  F. 

111.81 

139.700 

313*^^ 

127.00 

288 

9r.80 

301 

112.98 

314 

128.15 

289 

98.96 

118500 

302 

114.15 

144.300 

315 

129.29 

290 

100.12 

120.150 

303 

115.32 

147.700^ 

316 

130.43 

291 

101.28 

304 

116.50 

317 

131.57 

292 

102.45 

123.100 

305 

117.68 

150.560 

318 

132.72 

- 

293 

103.63 

306 

118.86 

154.400 

319 

133.86 

294 

104.80 

126.700 

307 

120.03 

320 

135.00 

295 

105.97 

129.000 

308 

121.20 

157.700 

321 

136.14 

296 

107.14 

309 

122.37 

322 

137.28 

297 

108.31 

133.900 

310 

123.53 

161.300 

323 

138.42 

298 

109.48 

137.400 

311 

124.69 

164.800 

324 

139.56 

110.64 

312 

125.85 

167.000 

325 

140.70 

562 
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TABLE  III. 


J)r  Ure*$  TabUt  9howing  the  EUutie  Force  of  the  Vapour$  of 
JtUohol,  Ether,  Oil  of  7\urpentine,  and  Petroleum  or  JVaphtha, 
at  D^eretU  Temperaturee,  expressed  in  Mehes  of  Mercury. 


Ether. 


Temp,  ^^y^p 


34<» 
44 

54 

64 

74, 

84 

94 

104 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

iro 

175 

180 
185 
190 
195 
200 
205 
210 


Temp. 


6.20 
8.10 
10.30 
13.00 
16.10 
20.00 

24.ro 

30.00 
30.00 
32.54 
35.90 
39.4r 
43.24 
4r.l4 
51.90 
56.90 
62.10 

er.60 

73.60 

80.30 

86.40 

92.80 

99.10 

108.30 

116.10 

124.80 

133.70 

142.80 

151.30 

I66.06 


Alcohol 
gp.gr.  0.813 


Force 
ofVap. 


32® 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
173 
178.3 
180 
182.3 
185.3 
190 
193.3 


0.40 

0.56 

0.70 

0.86 

1.00 

1.23 

1.49 

1.76 

2.10 

2.45 

2.93 

3.40 

3.90 

4.50 

5.20 

6.00 

7.10 

8.10 

9.25 

10.60 

12.15 

13.90 

15.95 

18.00 

20.30 

22.60 

25.40 

28-30 

30.00 

33.50 

34.73 

36.40 

39.90 

43.20 

46.60 


Alcohol 
ap.gr.  0.813 


Temp. 


Force 
ofVap. 


196.3<» 

200 

206 

210 

214 

216 

220 

225 

230 

232 

236 

238 

240 

244 

247 

248 

249.7 

250 

252 

254.3 

258.6 

260 

262 

264 


50.10 

53.00 

60.10 

65.00 

69.30 

72.20 

78.50 

87.50 

94.10 

97.10 

103.60 

106.90 

111.24 

118.20 

122.10 

126.10 

131.40 

132.30 

138.60 

143.70 

151.60 

155.20 

161.40 

166.10 


Oil  of  Turpentine. 


Petroleum. 


Temp. 


316<> 

320 

325 

330 

335 

340 

345 

350 

355 

360 

365 

370 

372 

375 


Force 
ofVap 


30.00 
3170 
34.00 
36.40 
38.90 
41.60 
44.10 
46.86 
50.20 
53.30 
56.90 
60.70 
61.90 
64.00 


Temp. 


Force 
ofVap. 


304° 

307.6 

310 

315 

320 

322 

326 

330 

336 

340 

343 

347 

350 

354 

357 

360 

362 


30.00 

32.60 

33.50 

35.20 

37.06 

37.80 

40.20 

42.10 

45.00 

47.30 

49.40 

51.70 

53.80 

56.60 

58.70| 

60. 

62.- 
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TABLE  IV. 


I>r  Ure*8  Tdble  of  the  Quantity  of  OU  of  VUriol,  of  sp.  gr,  1.8486, 
and  of  Anhydrous  Add,  in  100  parts  of  dilute  Sulphuric  Acid 
at  JXjferent  Densities. 


Liquid. 

Sp.Gr. 

Diy. 

Liquid. 

Sp.Gr. 

bry. 

Liqui<i. 

Sp.Gr. 

Diy. 

100 

1.8485 

81.54 

66 

1.5503 

53.82 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76,65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

1794 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4073 

42.40 

18 

11246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019 

12.2» 

82 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

10887 

10.60 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

10336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

1 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1.2490 

27.72 

67 

1.5648 

54.63 

33 

1.2409 

26.91 
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TABLE  V. 


Dr  Ur€*$  Table  of  the  Quantity  of  Real  orjSnhydroua  ^fUrie  Add 
in  lao  pwrtM  nf  lAquid  Add  at  Different  Densities. 


Real  acid; 

in  100   1 

Real  acid 

Real  acid 

8pc  cific 

Specific 

in  100 

Specific 

in  100 

Gravi^. 

parts  of 

Grayity. 

parts  of 

Gravity. 

parts  of 

theljq. 

the  Liq. 

the  Liq. 

1.5000 

79.700 

1.3783 

52.602    ! 

1.1833 

25.504 

1.4980 

78.903 

1.3732 

51.805 

1.1770 

24.ror 

1.4960 

78.106 

1.3681 

51.068 

1.1709 

23.910 

1.4940 

77.309 

1.3630 

50.211 

1.1648 

23.113 

1.4910 

76.512 

1.3579 

49.414 

1.1587 

22.316 

1.4880 

75.715 

1.3529 

48.617 

1.1526 

21.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

20.722 

1.4820 

74.121 

1.3427 

47.023 

1.1403 

19.925 

1.4790 

73.324 

1.3376 

46.226 

1.1345. 

19.128 

1.4760 

72.527 

1 .3323 

45.429 

1.1286 

18.331 

1.4730 

71.730 

1.3270 

44.632 

1.1227 

17.534 

1.4700 

70.933 

1.3216 

43.835 

1.1168 

16.737 

1.4670 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.339 

1.3110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1.3056 

41.444 

1.C993 

14.346    - 

1.4570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4530 

66.948 

1.2947 

39.850 

1.0878 

12.752 

1.4500 

66.155 

1.2887 

39.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

38.256 

1.0764 

11.158 

1 .4424 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4385 

63.760 

1.2705 

36.662 

1.0651 

9.564 

1.4346 

62.963 

1.2644 

35.B6S 

1.0595 

8.767 

1.4306 

62.166 

1.2583 

35.068 

1.0540 

7.970 

1-4269 

61.369 

1.2523 

34.271 

1.0485 

7.173      . 

1.4228 

60.572 

1.2462 

33.474 

1.0430 

6.376 

14189 

59^775 

12402 

32.677 

1.0375 

5.579 

1.4147 

58.978 

12341 

31.880 

1.0320 

4.782 

1.4107 

58.181 

12277 

31.083 

1.0267 

3.985 

1.4065 

57.384 

1.2212 

30.286 

1.0212 

3.188 

1.4023 

S6.5S7 

1.2148 

29.489 

1.0159 

2.391 

1.3978 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.3945 

54,993 

1.2019 

27.895 

1.0053 

0.797 

1.3882 

54.196 

1.1958 

27.098 

1.3833 

53.399 

1.1895  26.301     1 
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TABLE  VI. 


hie  of  LotDitz,  $hotiDing  the  Quantity  of  Absolute  Alcohol  in  Spirits  of 
Different  Specific  Gravities, 


►0  Parts. 

Sp.  Gravity. 

jlOO  Parts 

Sp.  Gravity. 

100  Parts. 

1  Sp.  Gravity. 

± 

Wat. 

At68'= 

At60« 

Ale. 

Wat 

At6a<= 

At  60° 

Ale. 

Wat.|At  68° 

At  60° 

.00 

0 

0.791 

0:796 

66 

34 

0.877 

0.881 

32 

68 

0.952 

0.955 

99 

1 

0.794 

0.798 

65 

35- 

0.880 

0.883 

31 

69 

0.954 

0.957 

98 

2 

0.797 

0.801 

64 

36 

0.882 

0.886 

30 

70 

0.95e 

0.958 

97 

3 

0.80C 

0.804 

63 

37 

0.883 

0.889 

29 

71 

0.957 

0.960 

96 

4 

0.803 

0.807 

62 

38 

0.887 

0.891 

28 

72 

0.959 

0.962 

95 

5 

0.805 

0.809 

61 

39 

0.889 

0.893 

27 

73 

0.961 

0.963 

94 

6 

0.808 

0.812 

60 

40 

0.892 

0.896 

26 

74 

0.963 

0.965 

93 

7 

0.811 

0.815 

59 

41 

0.894 

0.898 

25 

75 

0.965 

0.967 

92 

8 

0.813 

0.817 

58 

42 

0.896 

0.900 

24 

76 

0.96fl 

0.968 

91 

9 

0.816 

0.820 

57 

43 

0.699 

0.902 

23 

77 

0.968 

0.970 

90 

10 

0.818 

0.822 

56 

44 

0.901 

0.904 

22 

78 

0.970 

0.972 

89 

11 

0.821 

0.825 

55 

45 

0.903 

0.906 

21 

79 

0.971 

0.973 

88 

12 

0.823 

0.827 

54 

46 

0.905 

0.908 

20 

80 

0.973 

0.974 

87 

13 

0.826 

a830 

53 

47 

0.907 

0.910 

19 

81 

0.974 

0.975 

86 

14 

0.828 

0.832 

52 

48 

0.909 

0.912 

18 

82 

0.976 

0.977 

85 

15 

0.831 

0.835 

51 

49 

0.91S 

0.915 

17 

83 

0.977 

0.978 

84 

16 

0.834 

0.838 

50 

50 

0.914 

0.917 

16 

84 

0.978 

0.979 

83 

17 

0.836 

0.840 

49 

51 

0.917 

0.920 

15 

85 

0.980 

0.981 

82 

18 

0.839 

0.843 

48 

52 

0.919 

0.922 

14 

86 

0.981 

0.982 

81 

19 

0.842 

0.846 

47 

53 

0.921 

0.924 

13 

87 

0.983 

0.984 

80 

20 

0.844 

0.848 

46 

54 

0.925 

0.926 

12 

88 

0.985]  0.9861 

79 

21 

0.847 

0.851 

45 

55 

0.925 

0.928 

11 

89 

0.986 

0.987 

78 

22 

0.849 

0.853 

44 

56 

0.927 

0.930 

10 

90 

0.987 

0.988 

77 

23 

0.851 

0.855 

43 

57 

0.930 

0.933 

9 

91 

0.988 

0.989 

76 

24 

0.853 

0.857 

42 

58 

0.932 

0.935 

8     92 

0.989 

0.990 

75 

25 

0.856 

0.860 

41 

59 

0.934 

0.937 

7     93 

0.991 

0.991 

74 

26 

0.859 

0.863 

40 

60 

0.936 

0.939 

6 

94. 

0.992 

0.992 

7^ 

27 

0.861 

0.865 

39 

61 

0.938 

0.941 

5 

95 

0.994 

72 

28 

0.863 

0.867 

38 

62 

0.940 

0.943 

4 

96 

0.995 

71 

29 

0.866 

0.870 

37 

63 

0.942 

0.945 

3 

97 

0.997 

70 

30 

0.868 

0.872 

36 

64 

0.944 

0.947 

2 

98 

0.998 

69 

31 

0.870 

0.874; 

35 

65 

0.946 

0.949 

1 

99 

0.999 

68 

32 

0.872 

0.878 

34 

66 

0.948 

0.951 

0 

100 

1.000 

67 

33 

0.875 

0.879! 

33 

67 

0.950 

0.953          1         I 

1      1 
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TABLE  VII. 


l^le  $hawing  the  ^^ecifie  Qrami 
of  65"*  Fahr.  eorre$ponding  to 
meter. 


r  of  Liquids,  at  the  ^Temperaim 
he  Degrees  of  Bawne^e  Hydri- 


For  Liquids  lighter  than  Water. 


Dec.  Sp.Gr 

10-1.000 
11       .990 


12 
13 
14 
15 
16 


.985 
.977 
.970 


Deg.  Sp.GrJDeg.  Sp.Gr 

—      --      23-.909 

24  .903 

25  .897 

26  .892 

27  .886 

28  .880 


17-.949 

18  .942 

19  .935 

20  .928 

21  .922 
963".  22  .915 
.955' 


Deg.  Sp.Gr 
29— .874 

30  .867 

31  .861 


32 
33 


.856 
.852 


34     .847 


Deg.  Sp.Gr. 
35— .842 

36  .837 

37  .832 

38  .827 

39  .822 

40  .817 


Deg.  Sp.Gr. 
0«  1.000 
3  1.020 
6  1.040 
9  1.064 
12     1-089 


For  Liquids  heavier  than  Water. 

Deg.  Sp.  Gr.  Deg.  Sp.  Gr.  Deg.  Sp.  6r.  Deg.  Sp.  Gr. 

15«1.114      S)«1.261      45=1.455  60«1.717 

18    1.140      3^4,295     48     1.500  63    1.779 

21     1.170     36    1.333      51     1.547  66    1.84S 

24     1.200      39     1.373      54     1.594  69    1.92C 

27     1.230     42     1.414      5?     1.659  72    2.0GC 


GENERAL  INDEX. 


Acetates,  428 
Acetous  fermentatioD,  484 
AcidifyiDg  principle,  376 
Acids,  definition  of,  375 

nomenclature  of;  100 

acetic  and  acetous,  426 

vegetable,  426 

animal,  500 
Acid,  amniotic,  503 

antimonic,  339 

antimonious,  339 

arsenic,  329 

arsenious,  326 

auric,  364 

benzoic,  438 . 

boletic,  441 

boracic,  190 

bromic,  221 

butyric,  caproic,  capric,  505 

camphoric,  440 

carbazotic,  442 

carbonic,  171 

caseic,  477 

chloric,  203 

chioriodic,  216 

chlorocyanic,  256 

chlorocarbonic,  208 

chlorochromic,  333 

cholesteric,  507 

chromic,  332 

citric,  436 

columbic,  836 

cyanic,  254 

eliagic,  439 

erythric,  502 

ferrocyanic,  259 

ferruretted  chyazic,  260 

fluoboric,  226 

fluochromic,  333 

fluoric,  225 

fluosilicic,  308 

formic,  508 


Acid,  fulminic,  256 
gallic,  439 
hircic,  506 
hydriodic,  213 
hydrobromic,  220 
hydrochloric,  198 
hydrocyanic,  251 
hydrofluoric,  223 
hydroselenic,  246 
hydroxanthic,  262 
hyponitrous,  162 
hypophosphorous,  189 
hyposulphuric,  183 
hyposulphurous,  182 
igasuric,  441 
iodic^  215 
iodous,  216 
kinic,  442 
lactic,  503 
lampic,  462 
lithic,  601 
malic,  437 
manganesic,  314 
manganeseous,  315 
margaric,  452 
meconic,  445 
mellitic,  441 
molybdic     and     molybdous, 

833,  834 
moroxylic,  441 
mucic,  441 
muriatic,  198 
nitric,  165 
nitromuriatic,  201 
nitrous,  163 
oleic,  452 
oxalic,  430 
oxy  muriatic,  195 
pectic,  442,  471 
perchloric,  204 
phocenic,  506 
phosphatic,  189 
phosphoric,  186 
phosphorous,  188 
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Acid,  pnissic,  251 

purpuric,  602 

pyrocitric,  436 

pyroligoeous,  426 

pyromalic,  437 

pyromucic,  441 

pyiotartaric,  483 

pyro-uric,  502 

rheumic,  441 

rbsacic,  441 

saccholactic,  441 

sebacic,  506 

aeleoic,  193 

selentous,  192 

silicic,  307 

silicofluoric,  309 

sorbic,  441 

stearic,  505 

suberic,  441 

succinic,  440 

sulpbo-oaphthalic,  240 

sulphuric,  180 

sulphurous,  17S 

sulphuretted  chyazic,  261 

sulphocyanic,  261 

sulphovioic,  461 

tartaric,  433 

titanic,  348 

tungstic,  834 

uric,  501 

zumic,  441 
Adipocire,  506 
Aeriform  bodies,  15 
Affinity,  chemical,  102 

table  of,  103 

elective  simple,  103 

elective  double,  105 

disposing,  144 

quiescent  and  divellent,  105 

by  what  causes  modified,  107 

measure  of,  114 
Air,  atmospheric,  150 
Alabaster,  391 
Albumen,  495 

vegetable,  478 

incipient,  524 
Alcohol,  457 
Algaroth,  powder  of,  338 
Alkali,  volatile,  229 
Alkalies,  definition  of,  376 

native  vegetable,  442 

decomposition  of,  by  galvan- 
ism, 90 
Alloys,  872 
Alum,  391 
Alumina,  229 
Aluminium  and  its  oxide,  298 


Amalgams,  872 
Amalgam,  ammoniacal,  149 
Amber,  and  its  acid,  455 
Ambergris  and  ambreine,  508 
Ammonia,  229 

solution  of,  230 

character  of  the  salts  of,  2^ 
Ammoniaret  of  copper,  394 
Amnios,  liquor  of,  527 
Amidine,  468 
Analysis  defined,  16 

proximate  and  ultlnaate  of  or- 
ganic substances,  424 

of  minerals,  543 

of  gases,  539 

of  mineral  waters,  547 
Animal  chemistry,  493 

proximate  prfnciples,  493 

substances,  analysis  of,  424 

oils  and  fats,  503 

heat,  616 

fluids,  519 
Antimony,  regulus  of,  337 

crude,  337 

oxides  of,  888 

chlorides  of,  340 

sulphurets  of,  340 

golden  sulphuret  of,  340 

glass,  crocus,   and   liver  of, 
341 

alloys  of,  873 

tartarized,  435 
Anthracite,  466 
Aqua  regia,  201 
Arbor  Dians,  362 

Salurni,  855 
Archil,  474 

Argentine  flowers  of  antimony,  3SS 
Arroiy  root,  470 
Arseniates,  403 
Arsenical  solution,  404 
Arsenic,  325 

compounds  with  oxygen,  326 

tests  of,  in  mixed  fluids,  327 

alloys  of,  372 

chloride  of,  329 

sulphurets  of,  330 
Arsenites,  404 
Asparagin,  479 
Asphaltum,  464 
Atmospheric  air,  150 

analysis  of,  539 

weight  of,  99 
Atom— what,  122 
Atomic  theory,  Dalton's  view  of, 
121 

Berzelius*s  view  of,  129 
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Atomic  weights,  table  of,  554 

what,  123 
Atropia,  450 
Attrs^ction,  chemical,  16, 102 

cohesive,  14 

terrestrial,  or  gravity,  14  ^ 
Aurum  musivum,  825 
Azotic  gas,  148 


Brass,  373 
Brazil  wood,  474 
Bromine,  217 
Bronze,  378 
Brucia,  447 
Butyrine,  505 
Butter,  524 

of  antimony,  340 


B 

Balloons,  141 
Balsams,  465 
Barilla,  408 
Barium,  290 

oxides  of,  290 
chloride  of,  291 
sulphuret  of,  292 
Barley,  malting  of,  488 
Barometer,  correction  of,  for  the 

effects  of  heat,  32 
Baryta,  290 

Basis,  in  dying,  what,  473 
Bassorin,  479 

Battley's  sedative  liquor,  444 
Baume's  hydrometer,  degrees  of, 
reduced    to   the   common 
standard,  566 
Bell  metal,  373 
Benzoates,  439 
Bite  and  biliary  calculi,  521 
Bismuth  and  its  oxide,  346 
magistery  of,  347 
chloride  and  sulphuret  of,  847 
alloys  of,  373 
Bitter  principle,  480 
Bituminous  substances,-  464 
Black  dyes,  475 
drop,  446 
lead,  320 
Bleaching,  197 

powder,  295 
Blende,  321 
Blood,  508 

Blowpipe,  with  oxygen  and  hy- 
drogen, 142 
with  oxygen  gas,  143 
Blue,  Prussian,  419 

dyes,  473 
Boa  constrictor,  urine  of,  601 
Boiling  point  of  liquids,  56 
Bones,  535 
Borates,  406 
Borax,  406 
Boracite,  406 
Boron,  190 

Brain,  analysis  of  the,  537 
Xx  2 


Cadmium,  322 

oxide  of,  322 
Caffein,  479 
Calamine,  320 
Calcium,  293 

chloride  of,  295 
Calcination,  268 
Calculi,  urinary,  533 

biliary,  522 

salivary,  619 
Calomel,  369 
Caloric,  19 

communication  of,  20 

radiation  of,  23 

effects  of,  29 

expansion  produced  by, 
in  solids,  30 
liquids,  32 

fases,  34 
c,44 
capacities  of  bodies  for,  43 
of  fluidity,  50 
sensible  and  insensible,  44 
latent,  44 
sources  of,  67 
quantity  of,  in  bodies,  54 
Calorimeter,  45 
Calx,  268 
Camphor,  453 
Camphorates,  440 
Cannon  metal,  373 
Canton^s  phosphorus,  296 
Caoutchouc,  465 
Capacity  for  caloric,  43 
Carbon,  169 

compounds  of, 
with  hydrogen,  231 
nitrogen,  260 
chloride  of,  205 
•     sulphuret  of,  261 
Carbonates,  general  properties  of, 
406 
particular  descriptions  of,  407 
—410 
Carbonic  acid,  171 
oxide,  174 
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Cirbo-sulphurets,  262 

Carbaretted  hydrogen,  282 

Cirmine,  474 

CarUlage,  636 

Caseous  matter,  524 

Caseous  oxide,  477,  625 

Casaius,  purple  powder  of,  865 

Catechu,  475 

Cathartio,  479 

Caustic,  lunar,  861 

Cerate,  467 

Cerin,  467 

Cerium  aad  oxides,  342,  343 

Cerulin,  473 

Ceruse,  410 

Cetioe,  606 

Chalk,  409 

Chameleon  mineral,  314 

Charcoal,  169 

animal,  or  ivory  black,  169 
Cheese,  624 
Chemical  affinity  or  attraction,  102 

action,    changes  which   ac- 
company it,  106 
Chemistry,  definition  of,  16 

organic,  17,422 

inorganic,  17 

nomenclature  of,  100 
Classification  of   chemical   sub- 

stances,  16 
Chlorates,  general  characters  of, 
399 

of  potassa  and  baryta,  399 
Chloric  ether,  236 

acid,  203 
Chloride  of  nitrogen,  204 

carbon,  205 

phosphorus,  207 

sulphur,  207 

lime,  295 

boron,  209 

soda,  287 
Chlorides,  metallic,  270 
Chlorine,  195 

and  hydrogen — muriatic  acid, 
198 

and  oxygen,  202 

pr'^toxide  of,  202 

peroxide  of,  203 

nature  of,  209 
Chloriodic  acid,  216 
Chlorocarbonic  acid,  208 
Cholesterine,  607 
Chromium,  331 

compounds  of,  with  oxygen, 
331 
Chromates,  404 


Chromate  of  iron,  405 

Chrome  yellow,  405 

Cinchona  bark,*  active  principles 

of,  446 
Cinchonia,  446 
Chyle,  523 
Cinnabar,  356,  360 
Citrates,  437 
Coke,  466 
Coal,  465 

gas,  241 
Cobalt,  343 

oxides  of,  344 
Cocculus  indicus,  principle  of,  449 
Cochineal,  474 
Cohesive  attraction,  14 
Cohesion,  14 

influence  of»  over   chemical 
action,  107 
Cold,  artificial,  methods  of  pro- 
ducing, 52,  5^ 
Colocyntin,  480      M 
Colouring  matter,  472 
Colours,   adjective  and   substan- 
tive, 473 
Columbium,  and  its  acid,  336 
Combination  defined,  16 

laws  of,  114 
Combining    proportions    defined, 

118 
Combustion,  137 

theories  of,  137 

spontaneous,  451 
Composition  of  bodies,  how  deter- 
mined, 16 
Conductors  of  caloric,  20 
Congelation,  51 
Cooling  of  bodies,  28 
Copal,  454 
Copper-nickel,  345 
Copper,  350 

oxides  of,  350 

chlorides  of,  352 

sulphurets  of,  352 

ammoniaret  of,  394 

alloys  of,  373 

ammoniacal  sulphate  of,  394 

sheathing,  preservation  of,  90 
Cork,  479 

Corrosive  sublimate,  35S 
Corydalin,  449 
Coumarin,  453 
Cream  of  milk,  524 

tartar,  434 
Crocus  of  antimony,  341 
Cryophorus,  60 
Crystallization,  379 
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Crystallization  of  salts,  877 

water  of,  378 
Curcuma  paper,  475 
Cuii,624 
Cutitle,  536 
Cyanogen,  250 
Cyanuret  of  chlorine,  256 

bromine,  258 

iodine,  258 
Cyanurets,  275 

metallic,  275 
Cynopia,  450 
Cystic  oxide,  584 


Decomposition,  simple,  103 

double,  105 
Decrepitation,  378 
Deflagration,  268 
Deliquescence,  377 
Delphia,  450 
Derosne,  salt  of,  445 
Destructive  distillation,  424 
Detonating  powders,  399 
Dew,  formation  of,  27 
Diamond,  171 

Differential  thermometer,  38 
Digesting  flask,  548 
Dippers  oil,  504 
Disinfecting  liquid,  287 
Dragon's  blood,  454 
Dutch  gold,  373 
Dyes,  473 


Earths,  279 

Ebullition,  56 

Efflorescence,  378 

Egg  shells,  526,  586 

Eggs,  526 

Elaine,  451,  504 

Elastic  gum,  455 

Elasticity,  its  effect  on  chemical 
affinity,  110 

Elective  affinity,  103 

Electricity,  72 

Electrical  machine,  77 

Electro-magnetism,  93 

Electro-negative,  and  electro- 
positive bodies,  74 

Electro-chemical  theory,  88 

Electrometer,  79 

Elements,  what,  and  bow  many,  16 


Emetia,  449 

Emetic  tartar,  435 

£mulsion,  451 

Epsom  salts,  391 

Equivalents,  chemical,  what,  118 

scale  of,  553 

table  of,  554 
Erythrogen,  623 
Essential  oils,  452 

salt  of  lemons,  432 
Ether,  460 

acetic,    muriatic,    hydriodic, 
463,  464 

chloric,  236 

nitrous,  462 

pyro-acetic,  427 

sulphuric,  460 
Ethiops  mineral,  361 

per  se,  357 
Euchlorine,  202 
Eudiometer,  155 

Hope's,  540 

Volta's,  539 
Evaporation,  59 

cause  of,  60 

limit  to,  62 
Expansion,  29 

of  solids  by  heat,  30 
liquids  by  heat,  32 
gases  by  heat,  34 
Extractive  matter,  481 
Eye,  humours  of,  527 


Farina,  4^9 

Fat  of  animals,  504 

Feathers,  536 

Fecula,  468 

Fermentation,  481 

Ferrocyanates,  417 

Fibre,  woody,  471 

Fibrin,  494 

Filler,  547 

Fire-damp  of  coal  mines,  233 

Flame,  233,  234 

Fixed  oils,  450 

Flask  for  digesting,  548 

Flesh  of  animals,  537 

Flint,  307 

Flowers  of  sulphur,  177 

Fluidity  caused  by  caloric,  50 

Fluoric  acid,  225 

Fluoboric  acid,  226 

Fluoborates,  406 

Fluosilictc  acid  gas,  308 

Fluosilicates,  810 
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Fluorine,  223 

Fluor  spar,  416 

Flux,  white  and  black,  435 

Food  of  plants,  491 

Freezing  mixtures,  53 

in  vacuo,  Leslie's  method,  60 
Fngoiitic  mixtures,  table  of,  53 
Fulminating  gold,  364   • 

mercury,  255 

platinum,  36S 

silver,  255,  362 
Fulminic  acid,  256 
Fuming  liquor  of  Libavius,  325 
.  Fungi n,  479 
Funnel,  547 
Fusion,  50   . 

watery,  378 
Fusible  metal,  373 
Fustic,  474 


Galena,  355 

Gallates,  440 

Gall-nuts,  475 

GaII-stone9,  522 

Galvanic  battery  or  trough,  82 
arrangements,  84 

(iaivanism,  SI 

effects  of,  85  , 
chemical  agency  of,  87 
electrical  agency  of,  85 
connection  of,  with  magnet- 
ism, 93 
theories  of  its  prodtKtioD,  95 

Gases,  66 

condensation  ofy^6 
law  of  the  expansion  of,  35 
conducting  power  of,  22,  23 
formula  for  correcting  the  ef- 
fects of  heat  on,  35 
specific  caloric  of,  46 
.  their  bulk  influenced  by  mois- 
ture, and  the  formula  for 
correcting  its  effect,  63 
mode  of  drying,  66 

Gas,  from  coal  and  oil,  241 

Gastric  juice,  520 

Gelatin,  497 

Germination,  487 

Gilding,  372 

Glass,  307 

expansion  of,  by  heat,  31 
of  antimony,  341 

Glauber's  salt,  389 

Gliadioe,  477 


Gluclna,  802 
Glue,  497 
Gluten,  477 
Glycerine,  452,  504 
Gold,  363 

oxides  of,  364 

chlorides  of,  365 

fuhpinadng  coonpoand  of,  364 

sulphuret  of,  865 
•     alloys  of,  374 

mosaic,  825. 
Golden  sulphuret  of  axktunony,  340 
Gong,  Indian,  373 
Goulard's  extract,  429 
Gouty  concretions,  602 
Graphite,  319 
Gravel,  urinary,  532 
Gravitation,  14 

Gravity,  effect  of,   on   chemical 
action,  113 

specific,  modes  of  determin* 
ing,  98 
Growth  of  Plants,  4S9 
Gup,  470  * 

elastic^  455 
Gum-resins,  455 
Gunpowder,  396 
Gypsum,  390 


H 

Heraatin,  474 
Hair,  586 

Harrogate  water,  549 
Hartshorn,  spirfl  of,  229 
Heat,  animal,  516 

intense,  how  generated,  142 
Hiccory,  wild  American,  474 
Hircine,  506 
Honey,  468 
Honey-stone,  441 
Hoofs,  536 
Hordein,  469 
Horn,  536 
Hornlead,  355 
Hornsilver,  362 
Humours  of  the  eye,  527 
Hydracids,  salts  of,  411 
Hydrates,  nature  of,  145 
Hydriodates,  418 
Hydro,  in  what  manner  employ- 
ed^ 145. 
Hydrocarburet  of  chlorine^  236 

iodinj^rS^ 

bromine,  237' 
Hydrdcyahates,  417 
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